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administrative review and has been approved for publication as an EPA document. Mention of
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ABOUT THIS REPORT

This report presents the results of ambient air monitoring conducted as part of the 1997
Urban Air Toxics Monitoring Program (UATMP)—a program designed to characterize the
magnitude and composition of potentially toxic air pollution in, or near, urban locations. The 1997
UATMP included 12 monitoring stations that collected 24-hour air samples, typically on a
biweekly basis. These samples were analyzed for concentrations of 47 volatile organic compounds
(VOC) and 16 carbonyls. Overal, nearly 28,000 ambient air concentrations were measured during
the 1997 UATMP. This summary report uses various graphical, numerical, and statistical analyses
to put this vast amount of ambient air monitoring data into perspective.

The structure of this report differs significantly from that of earlier UATMP reportsin one
important regard: instead of commenting primarily on the general trends observed during the
program, as was done previoudly, this report is divided into sections that review the specific air
quality trends for individual monitoring stations. This revised structure allows for a much more
thorough review and interpretation of site-specific trends, which may be of greater interest to the
agencies that sponsor the monitoring stations. The structure does, however, lend to a certain
amount of repetition, as air quality trends that are common to urban environments (e.g., the effects
of mobile sources) are discussed in every site-specific section.

The content of this report has been expanded from previous reports, but includes certain
elements that have been addressed previously. For example, each section of this report presents a
succinct, yet thorough, overview of the monitoring data collected at a particular site. These data
summaries intentionally follow the framework used in earlier reports to facilitate comparisons with
historical data. Further, each section analyzes and interprets air quality trends for nine compounds
(@l nitriles and oxygenated compounds) that were not measured during previous UATMPs,
including methy! tert-butyl ether—a compound that has received much attention lately due to its
use as afuel additive in many parts of the country. Finally, to assess annual variationsin air
quality, each section describes how levels of air pollution have changed since the 1994 UATMP.
Each section concludes by highlighting the most notable trends for the particular monitoring
station.

When reading this report, it isimportant to note that the 1997 UATMP characterized levels
of air pollution near only a small subset of urban centers in the United States. Because emissions
sources and meteorological conditions vary from city to city, data trends common to the 12
monitoring stations that participated in the 1997 program do not necessarily apply to other urban
environments. Further, though the analyses in this report are extensive, they should not be viewed
as a comprehensive evaluation of the ambient air monitoring data. To encourage future research,
the complete 1997 UATMP monitoring data have been made publicly available in e ectronic
format from the Environmental Protection Agency’s Aerometric Information Retrieval System.
The data are al'so included in the appendices to this report.

Xii



1.0 Introduction

This report summarizes ambient air monitoring data collected in or near 12 urban centers
as part of the 1997 Urban Air Toxics Monitoring Program (UATMP). The U.S. Environmental
Protection Agency (EPA) sponsors the UATMP to provide state and local environmental
agencies with important information on the composition and magnitude of potentially toxic urban
air pollution. Since 1987, UATMP air monitoring devices have collected over 10,000 ambient air
samples, which were subsequently analyzed for concentrations of over 50 different organic
compounds. Results from these previous monitoring efforts have provided invaluable insight into

the many factors that affect air pollution in cities.

To supplement findings from previous UATMPs and other urban air monitoring efforts,
this report includes detailed numerical and statistical analyses of the ambient air monitoring data
collected during the 1997 program. So that new and historical data can easily be compared, the
report presents descriptive summary statistics in aformat identical to that of previous UATMP
reports. To offer greater insight into the current data, however, much of the report focuses on
topics that previous annual UATMP reports have not addressed in detail. Overal, there are three
basic goals for this report:

. To provide thorough summaries of the data collected during the 1997 UATMP.

. To analyze and interpret data trends for a group of compounds—nine nitriles and
oxygenated compounds—that analytical methods from previous UATMPs did not
identify.

. To illustrate how ambient air concentrations of the most prevalent components of

urban air pollution changed from one year to the next.

Unlike previous UATMP annual reports, which focused on air quality trends that were
apparently common to different urban environments, this report focuses on data trends at each of
the 12 different air sampling locations. This site-specific approach alows for much more detailed
analyses of the factors (e.g., motor vehicles sources, industrial sources, natural sources) that

affect air quality differently from one urban center to the next. Though they are extensive, the
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analysesin this report should not be viewed as a comprehensive account of urban air pollution at
every UATMP monitoring station. As aresult, state and local environmental agencies are
encouraged to perform additional analyses on the monitoring data so that the many factors that
affect ambient air quality can be fully appreciated. To facilitate further analysis of the 1997
UATMP sampling results, appendices to this report present the entire set of ambient air
monitoring data. These data also will be available in electronic format from the Air Quality
Subsystem (AQS) of the Aerometric Information and Retrieval System (AIRS), an electronic
database that EPA maintains.

This report is organized into 13 sections; Table 1-1 lists the contents of each section.
Sections 2 and 3 present necessary background information on the air monitoring program and
the data analysis methodology used to identify site-specific trends. Sections 4 through 11 then
present detailed analyses of the data collected at the different monitoring stations that comprised
the 1997 UATMP. Finadly, Section 12 reviews the mgjor findings of the report, identifying those
air quality trends that appear to be common to different urban areas. Section 13 lists the

references cited throughout this report.

Aswith previous UATMP annual reports, al figures and tables in this report appear at the
ends of their respective sections (figures first, followed by tables).

Note: Each “year” of UATMP sampling begins in September and ends in August of the
following calendar year. According to convention, the UATMP “program year”
corresponds to the calendar year during which sampling begins. For this reason, the
program that ran from September 1997 to August 1998 is called the “1997 UATMP,”

even though most of its samples were collected in 1998.
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Table 1-1
Organization of the 1997 UATMP Report

Report

Section Section Title Overview of Contents

This section provides background information on how the 1997
UATMP was implemented. Topics of discussion include

2 The 1997 UATMP sampling locations, sampling and analytical methods, sampling
schedules, and measurement accuracy and precision.
This section presents the data analysis methodology used in

3 Data Analysis Methodology Sections 4 through 11 to interpret the UATMP air monitoring
data.

4 Monitoring Results for Baton Rouge, LA (B2LA),

Garyville, LA (GALA), and Hahnville, LA (HALA)
5 Monitoring Results for Brattleboro, VT (BRVT)
6 Monitoring Results for Burlington, VT (BUVT), These sections summarize the 1997 UATMP monitoring data
Underhill, VT (UNVT), and Winooski, VT (WIVT) collected in the respective cities, analyze in detail ambient air
. concentrations of selected nitriles and oxygenated compounds

7 Monitoring Results for Camden, NJ (CANJ) (i.e., compounds that previous UATMPs did not measure), and

8 Monitoring Results for El Paso, TX (EPTX) examine how concentrations of certain compounds have
changed since the 1994 UATMP.

9 Monitoring Results for North Little Rock, AR (PARR)

10 Monitoring Results for Rutland, VT (RUVT)

11 Monitoring Results for Texarkana, AR (GREY)
This section summarizes the most significant findings of the

12 Conclusions and Recommendations 1997 UATMP and makes several recommendations for future
urban air monitoring applications.

13 References This section lists the references cited throughout the report.







2.0 The 1997 UATMP

This section describes the monitoring locations, sampling and analytical methods, and
sampling schedules used during the 1997 UATMP—all of which are important factors to consider
when interpreting ambient air monitoring results. The 1997 program included 12 monitoring
stations that collected 24-hour integrated air samples, according to site-specific schedules, from
September 1997 to August 1998. During this period, nearly 1,000 ambient air samples were
collected and over 27,000 ambient air concentrations were measured. The remainder of this
section describes relevant features of the 1997 UATMP in greater detail, highlighting severa

areas in which the scope of the 1997 monitoring program differs from earlier UATMPs.

2.1  Monitoring Locations

The UATMP is an EPA-sponsored program in which state and local environmental
agencies can voluntarily participate. EPA works with participating agencies to select appropriate
monitoring locations and to train staff on how to collect ambient air samples and send them to the
analytical laboratory. Both EPA and participating agencies contribute to the overal monitoring

Costs.

Figure 2-1 shows the locations of the 12 monitoring stations that participated in the 1997
program. Of these, 10 have participated in previous UATMPs; the North Little Rock, Arkansas,
and Texarkana, Arkansas, stations are new to the program. Table 2-1 presents additional
information on the 12 monitoring stations, including (1) their four-character UATMP site codes,
which were used to track samples from the field to the laboratory, (2) their unique nine-digit
AIRS site codes, which are used to index monitoring data in the AIRS database, and (3) their
starting and ending sampling dates for the 1997 UATMP, which Section 2.3 describes further. As
Figure 2-1 shows, the monitoring stations that participated in the 1997 program are located in five
states (Arkansas, Louisiana, New Jersey, Texas, and Vermont) and therefore do not characterize
all urban locationsin the United States. Nonetheless, ambient air monitoring data from the 1997
UATMP provide useful insight into selected components of air pollution in the vicinity of the 12



monitoring locations, and certain data trends that were found to be common to these monitoring

locations may represent air quality trends in urban centers across the United States.

The composition and magnitude of air pollution at any monitoring location depends
largely on its proximity to various emissions sources, like heavily traveled roadways and industria
facilities. To put these emissions sources into perspective for the 1997 UATMP monitoring
locations, Sections 4 through 11 include detailed site maps and emissions data for nearby sources.
Not mentioned in the latter sections of the report is the fact that air sampling equipment at every
monitoring location was installed in a small enclosure (usually atrailer or a shed) with air
sampling probes protruding through the roof. Using this common setup, every air monitor

sampled air at heights approximately 5 to 20 feet above local ground level.

2.2 Sampling and Analytical Methods

A monitoring program’s sampling and analytical methods ultimately determine what
compounds can be identified in air samples, and at what levels. During the 1997 UATMP,
ambient air concentrations of 47 VOC were measured using the EPA-approved “Compendium
Method TO-15" (USEPA, January 1997), and concentrations of 16 carbonyl compounds were
measured using the EPA-approved “ Compendium Method TO-11A" (USEPA, January 1997).
Although both of these methods were also used during the 1996 UATMP, improved laboratory
analytical techniques alowed VOC samples to be analyzed for nine compounds that could not be

measured previoudy. Section 2.2.1 describes thisimprovement in greater detail.

Thefinal report for the 1996 UATMP thoroughly describes the sampling and analytical
methods for VOC and carbonyls (ERG, 1998), as do the original Compendium Method
documents (USEPA, January 1997). Sections 2.2.1 and 2.2.2, therefore, only briefly highlight
salient features of the VOC and carbonyl methods, respectively. These sections aso include

estimates of the precision and accuracy of these monitoring methods.



2.2.1 VOC Sampling and Analytical Method

Ambient air concentrations of 47 VOC were measured according to EPA’s Compendium
Method TO-15. This method specifies steps for collecting 24-hour integrated samples of ambient
air in passivated stainless steel canisters, and anayzing them using a gas chromatography column
with mass selective detection and flame ionization detection (GC/MSD-FID). Before the 1997
UATMP commenced, severa improvements were made to the VOC laboratory analytical
techniques. One specific improvement (removal of Nafion® dryers from the analytical apparatus)
allowed for the analysis of nine nitriles and oxygenated compounds that previous UATMPs could
not identify: acetonitrile, acrylonitrile, ethyl acrylate, ethyl tert-butyl ether, methyl ethyl ketone,
methyl isobutyl ketone, methyl methacrylate, methyl tert-butyl ether, and tert-amyl methyl ether.
Section 3.2 provides background information on these compounds, and Sections 4 through 11

describe their air quality trends.

The sengitivity of analytical methods, as indicated by their detection limits, is an important
consideration for interpreting ambient air monitoring data. Table 2-2 lists the detection limits for
the 47 VOC identified during the 1997 UATMP. Two sets are shown because the analytical
laboratory revised its detection limits at the beginning of June, 1998. This revision was based on
the results of annual testing on the sensitivity of the analytical method. During the 1997 program,
the detection limit for almost every VOC was less than 0.5 parts per billion, by volume (ppbv),
and many compounds had a detection limit less than 0.1 ppbv. Earlier UATMP reports have
emphasized the importance of interpreting nondetect observations in proper context. For
reference, the sidebar on the following page, “ Appreciating Detection Limits,” reviews the
significance of detection limits and describes how this study considers nondetect observations

when calculating summary statistics.

Another important consideration for interpreting ambient air monitoring datais the
precision and accuracy with which concentrations are measured. Air monitoring programs
typically collect duplicate samples and analyze them in replicate to quantify the precision of air
quality measurements. During the 1997 UATMP, 37 duplicate VOC samples were collected, all
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Appreciating Detection Limits

The detection limit of an analytical method must be carefully considered when interpreting
ambient air monitoring data. By definition, the detection limit is the lowest level at which
laboratory equipment can reliably quantify concentrations of selected compounds to a specific
confidence level. If achemical concentration in ambient air does not exceed the method
sengitivity (as gauged by the detection limit), the analytical method might not differentiate the
compound from other compounds in the sample or from the random “noise” inherent in
laboratory analyses. Therefore, when samples contain concentrations at levels below their
respective detection limits, multiple analyses of the same sample may lead to a wide range of
results, including highly variable concentrations or “nondetect” observations. Because
analytica methods do not quantify concentrations at levels below the detection limits accurately
or precisely, data anaysts must exercise caution when interpreting monitoring data with many
concentrations at levels near or below the corresponding detection limits.

Two important assumptions were made regarding detection limits when processing the raw
UATMP monitoring data for this report. First, the anaytical equipment used in the UATMP
can measure concentrations of compounds at |evels below those compounds' detection limits.
Such measurements are considered to be valid results in the air monitoring database, even
though they may have poor measurement precision. Second, nondetect observations are
assigned a concentration equal to one-half their corresponding detection limit. This approach
has been followed in earlier UATMPs and is a recommended approach for conducting risk
assessments with environmental monitoring data (USEPA, 1989).

of which were analyzed in replicate. Comparison of concentrations from replicate analyses
characterizes analytical precision (how precisely the laboratory anayzes environmental samples),
and comparison of concentrations from duplicate samples characterizes sampling and analytical
precision (how precisely field sampling techniques and laboratory anaytical techniques measure
concentrations). This report uses the relative percent difference (RPD) and the average
concentration difference to quantify precision. Previous UATMP reports have defined these
parameters and explained their significance. For reference, the sidebar on the following page,

“Estimating Measurement Precision,” provides this background information.

Table 2-3 summarizes how precisaly the laboratory conducted replicate analyses of air
samples during the 1997 UATMP. According to the precision figures, every VOC that was

detected in replicate analyses was measured with an RPD of 43.5 percent or lower—a precision
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Estimating Measurement Precision

This report uses two parameters to quantify how precisely concentrations were measured
during the 1997 UATMP. An absolute indicator of precision, the average concentration
difference smply quantifies how multiple measurements by the same procedures differ.
Applied to this monitoring program, average concentration differences were calculated for each
compound (1) for concentrations measured during replicate analyses and (2) for concentrations
measured from duplicate samples. When interpreting ambient air monitoring data for specific
compounds, the average concentration difference should be compared to summary statistics
like the arithmetic mean. If acompound’s average concentration difference exceeds or nearly
equals the arithmetic mean value, the anaytica method may not be capable of precisaly
characterizing the average concentration. Data interpretations for such compounds should be
made with caution.

As ardative indicator of precision, the relative percent difference (RPD) expresses average
concentration differences relative to the magnitude of the concentration observed. The RPD is
calculated using the following equation:

rep - X1 Xol 5 100

X
Where X, isthe ambient air concentration of a given compound measured in one sample; X, is
the concentration of the same compound measured during replicate analysis or in aduplicate
sample; and X is the arithmetic mean of X; and X,. By this equation, compounds with relatively
low measurement variability will have lower RPDs (and better precision), and compounds with
relatively high measurement variability will have higher RPDs (and poorer precision). The
UATMP data quality objectives indicate that concentrations should be measured to within 100
percent of their actual ambient levelsin order to provide data sufficient for evaluating the
nature and magnitude of urban air pollution (USEPA, 1988).

level well within the UATMP data quality objectives (USEPA, 1988). The average concentration
difference data in Table 2-3 indicate that, with some exceptions, laboratory analytical precision
was excellent, at alevel of £0.10 ppbv or better. The average concentration differences for
acetylene (0.26 ppbv), propylene (0.12 ppbv), and toluene (0.18 ppbv) were al dlightly higher
than this threshold. However, since these compounds were consistently detected at levels greater
than 1.0 ppbv (see Sections 4 through 11), the higher concentration difference for these
compounds is not expected to influence their summary statistics. Of the 47 VOC, acetonitrile had
the highest average concentration difference (7.75 ppbv). The notably high variability for this
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compound resulted almost entirely from the fact that replicate analyses of samples collected at the
Baton Rouge monitoring station consistently had concentration differences greater than 10.0
ppbv. As Section 4 notes, ambient air concentrations of acetonitrile at Baton Rouge were often
greater than 100.0 ppbv. Therefore, the average concentration difference for this compound is
actually quite small in comparison to the magnitude of concentrations measured. The relatively
low RPD for acetonitrile (4.2 percent) confirms that the laboratory measured concentrations of
this compound precisaly, even though the average concentration differences for samples from one

monitoring station were relatively high.

The sampling and analytical precision datain Table 2-4, which characterize measurement
variability between duplicate samples, corroborate the findings presented for analytical precision:
every compound had an RPD of 39.7 percent or lower; most compounds had average
concentration differences of £0.10 ppbv or better; acetonitrile, acetylene, methyl ethyl ketone, and
toluene had higher average concentration differences, but had excellent RPD figures (21.1 percent
or lower); and the higher average concentration difference for acetonitrile (6.33 ppbv) resulted

amost entirely from the elevated concentrations observed at Baton Rouge.

Overadll, replicate analyses of duplicate samples collected during the 1997 UATMP
showed that the VOC sampling and analytical method consistently measured concentrations
within acceptable levels of precision. Because EPA did not provide externa audit samples during
the 1997 UATMP, the accuracy of the VOC data cannot be quantified. However, given that the
program uses an EPA-approved sampling and analytical method and that field sampling staff and
laboratory analysts strictly follow quality control and quality assurance guidelines, the monitoring

data are believed to be highly accurate.

2.2.2 Carbonyl Sampling and Analytical Method
Following the specifications of EPA Compendium Method TO-11A (USEPA, 1984),
concentrations of 16 carbonyl compounds were measured by passing ambient air over silicagel

cartridges coated with 2,4-dinitrophenylhydrazine (DNPH), a compound known to react
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reversibly with selected aldehydes and ketones. For chemical analysis, the sampling cartridges are
eluted with acetonitrile, which liberates the hydrazones (DNPH-carbonyl derivatives) from the
sampling matrix. This solution is then analyzed by high-performance liquid chromatography
(HPLC) with ultraviolet detection. The carbonyl compounds identified by this method have not
changed over the last 3 UATMPs.

Table 2-5 lists the detection limits for the 16 carbonyls identified during the 1997
UATMP. The annual determination of method detection limits was performed near the end of the
monitoring program (i.e., August 17, 1998). As Table 2-5 shows, detection limits for carbonyls
were dl lessthan 0.025 ppbv. The sidebar “ Appreciating Detection Limits’ explains the

significance of detection limits for ambient air monitoring programs.

To quantify the precision of the laboratory analytical method, 82 carbonyl samples were
analyzed in replicate during the 1997 UATMP. As Table 2-6 shows, ambient air concentrations
of every carbonyl measured during these replicate analyses were, on average, different by no more
than £0.054 ppbv. Moreover, many compounds had average concentration differences less than
+0.01 ppbv, indicating extremely low measurement variability. Every carbonyl compound had an
RPD of 19.8 percent or lower—a precision level well within the data quality objectives of the
UATMP and the Compendium Method.

Table 2-7 summarizes data on sampling and analytical precision, which are based on the
results from 41 duplicate samples. As the table shows, average concentration differences for
sampling and analytical precision ranged from +£0.002 ppbv (for crotonaldehyde) to +0.355 ppbv
(for formaldehyde). Though the concentration difference for formaldehyde is higher than that for
the other carbonyls, the RPD for formaldehyde (10.8 percent) suggests that measurement
variability generally accounts for only one-tenth of the actual measured concentrations. As
expected, RPDs for sampling and analytical precision varied from one compound to the next;
however, every carbonyl had an RPD less than 25 percent—a level well below the UATMP data
quality objectives.



To assess the accuracy of the carbonyl analytical method, three external audit samples
(prepared and supplied by the State of Indianad) were analyzed during the 1997 UATMP. These
samples contained varying levels of the three carbonyls that are most prevalent in urban ambient
air: acetaldehyde, acetone, and formaldehyde. Results from the three carbonyl audits showed
that the laboratory analyzed concentrations of acetaldehyde at levels within 7.0 percent of the
actual values, concentrations of acetone at levels within 12.0 percent of the actual values, and
concentrations of formaldehyde within 6.0 percent of the actual values. These percent differences
are al notably lower than the minimum performance limits specified in the carbonyl audit
protocol. (The performance limits range from 16 to 29 percent, depending on the compound

being analyzed.)

Overadll, results from replicate analyses, duplicate samples, and audit samples all indicate
that the carbonyl monitoring data collected during the 1997 UATMP are highly precise and

accurate.

2.3 Sampling Schedules

Table 2-1 lists the dates on which sampling began and ended at each monitoring location
during the 1997 program. Most stations operated for 12 months and collected samples from
September 1997 to August 1998. As exceptions, the monitoring station in Winooski, Vermont
(WIVT), was dismantled after December 1997 and, therefore, collected samples for only 4
months; and the monitoring stations in North Little Rock, Arkansas (PARR), and Texarkana,
Arkansas (GREY), did not start sampling until February 1998 and, therefore, collected samples
for only 7 months. Later sections of this report explain why summary statistics for these three
stations (WIVT, PARR, GREY) may be biased by the fact that they did not collect samples for an

entire year.

Regardless of the starting and ending dates for sampling, every station collected 24-hour
integrated samples on each scheduled sampling date. Sample collection at every station began

and ended at midnight, local time. With one exception, monitoring stations collected samples
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once every 12 days—a monitoring frequency that ensures samples are collected on different days
of the week and that alows for characterizing annual-average trends in a cost-effective manner.
The monitoring stations in Arkansas, however, sampled air more frequently, generally once every
6 days. When monitors failed to collect valid samples on scheduled sampling days, Site operators
sometimes rescheduled samples for other days. This practice explains why some stations did not
always adhere to the 12-day sampling schedule.

As part of the sampling schedule, site operators collected duplicate samples on roughly 10
percent of the sampling days. As noted earlier, these duplicate samples were analyzed in replicate

to characterize the precision of the sampling and analytica methods.
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Figure 2-1
Locations of the 1997 UATMP Monitoring Stations

Winooski, VT
(WIVT)

Rutland, VT
(RUVT)

El Paso, TX
(EPTX)

, Garyville, LA
{ Baton Rouge, LA (GALA)
: (B2LA)
Hahnwville, LA
(HALA)

Burlington, VT
(BUVT)  Underhill, UNVT
UNVT)

T

Camden, NJ
(CANJ)

Note:

The four-letter codes shown here were used primarily to track ambient air samples during their transfer from the monitoring stations to the anaytical

laboratory.




Table 2-1

Background Information for the 1997 UATMP Monitoring Stations

Uig'l'gl\; P Al gfdz e Location Sempling Schedule

Site Code Starting Date Ending Date
B2LA 22-033-0009 | Baton Rouge, LA September 19, 1997 August 19, 1998
BRVT 50-025-0004 | Brattleboro, VT September 7, 1997 August 21, 1998
BUVT 50-007-0003 | Burlington, VT September 7, 1997 August 21, 1998
CANJ 34-007-0003 | Camden, NJ September 7, 1997 August 15, 1998
EPTX 48-141-0027 | El Paso, TX September 13, 1997 August 27, 1998
GALA 22-095-0002 | Garyville, LA September 7, 1997 August 27, 1998
GREY 05-091-0096 | Texarkana, AR February 4, 1998 August 28, 1998
HALA 22-089-0003 | Hahnville, LA September 7, 1997 August 27, 1998
PARR 05-119-0007 | North Little Rock, AR February 4, 1998 August 27, 1998
RUVT 50-021-0002 | Rutland, VT September 19, 1997 August 27, 1998
UNVT 50-007-0007 | Underhill, VT September 7, 1997 August 21, 1998
WIVT 50-007-0010 | Winooski, VT September 7, 1997 December 24, 1997
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Table 2-2
VOC Detection Limits

Detection Limit (ppbv)

Compound
September 1997-May 1998 June 1998-August 1998
Acetonitrile 0.57 0.21
Acetylene 0.10 0.07
Acrylonitrile 0.21 0.06
Benzene 0.07 0.06
Bromochloromethane 0.09 0.04
Bromodichloromethane 0.05 0.05
Bromoform 0.15 0.12
Bromomethane 0.14 0.04
1,3-Butadiene 0.09 0.05
Carbon tetrachloride 0.05 0.09
Chlorobenzene 0.07 0.04
Chloroethane 0.06 0.06
Chloroform 0.06 0.04
Chloromethane 0.13 0.06
Chloroprene 0.10 0.03
Dibromochloromethane 0.15 0.04
m-Dichlorobenzene 0.15 0.09
o-Dichlorobenzene 0.16 0.10
p-Dichlorobenzene 0.13 0.08
1,1-Dichloroethane 0.10 0.03
1,2-Dichloroethane 0.06 0.08
trans-1,2-Dichloroethylene 0.12 0.05
1,2-Dichloropropane 0.04 0.09
cis-1,3-Dichloropropylene 0.06 0.03
trans-1,3-Dichloropropylene 0.11 0.03
Ethyl acrylate 0.10 0.04
Ethylbenzene 0.12 0.10
Ethyl tert-butyl ether 0.07 0.05
Methylene chloride 0.09 0.10
Methyl ethyl ketone 0.17 0.03
Methyl isobutyl ketone 0.07 0.07
Methyl methacrylate 0.07 0.06
Methy! tert-butyl ether 0.06 0.03
n-Octane 0.21 0.09

Note:  Section 2.2 describes the significance of detection limits and why they changed during the 1997 UATMP.
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Table 2-2 (Continued)
VOC Detection Limits

Detection Limit (ppbv) "

Compound
September 1997—-May 1998 June 1998-August 1998
Propylene 0.10 0.03
Styrene 0.10 0.11
Tert-Amyl methyl ether 0.07 0.06
1,1,2,2-Tetrachloroethane 0.17 0.05
Tetrachloroethylene 0.22 0.10
Toluene 0.21 0.10
1,1,1-Trichloroethane 0.05 0.06
1,1,2-Trichloroethane 0.11 0.03
Trichloroethylene 0.04 0.06
Vinyl chloride 0.06 0.07
m,p-Xylene 0.23 0.08
0-Xvlene 0.10 0.03

Notes:  Section 2.2 describes the significance of detection limits and why they changed during the 1997 UATMP.
Because m-xylene and p-xylene elute from the GC column at the same time, the VOC analytical method can
only report the sum of m-xylene and p-xylene concentrations and not concentrations of the individual

compounds.
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VOC Analytical Precision
(Based on Replicate Analysis of 74 Valid Samples)

Average RPD in
. Replicate Analyses | Difference in Replicate
Observations P (%) y Andlyses (psgv)
16 4.2
Acetylene 74 0.26
Acrylonitrile 19.3 0.06
72 10.0
Bromochloromethane 0 NA
Bromodichloromethane NA NA
0 NA
Bromomethane 4 0.01
1,3-Butadiene 19.1 0.03
71 17.1
Chlorobenzene 0 NA
Chloroethane NA NA
5 25.4
Chloromethane 74 0.06
Chloroprene 1.8 0.03
0 NA
m-Dichlorobenzene NA NA
-Dichlorobenzene 0 NA
p 12 435
1,1-Dichloroethane 0 NA
1,2-Dichloroethane 8.3 0.02
-1,2-Dichloroethylene 0 NA
1,2-Dichloropropane NA NA
-1,3-Dichloropropylene 0 NA

NA = Not applicable. Precision cannot be evaluated for compounds not detected in any of the replicate
analyses.

Compounds detected in more than half of the samples at most of the UATM P monitoring stations are shown in
boldface. As Section 2.2.1 describes, these compounds generally had better precision than those less prevalent

Section 2.2.1 explains why arelatively high concentration difference was observed for acetonitrile.
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Table 2-3 (Continued)

(Based on Replicate Analysis of 74 Valid Samples)

Nurmber of Average RPD in Ayerage Co_ncentrgtion
Compound Differencein Replicate
Analyses (ppbv)
-1,3-Dichloropropylene 0 NA
Ethyl acrylate NA NA
70 12.3
Ethyl tert 0 NA
Methylene chloride 63 0.05
Methyl ethyl ketone 15.8 0.10
0 NA
Methyl methacrylate 3 0.01
Methyl  -butyl ether 39 0.10
n-Octane 63 19.9 0.03
Propylene 74 11.5 0.12
Styrene 55 20.9 0.02
Tert-amyl methyl ether 10 39.6 0.09
1,1,2,2-Tetrachloroethane 0 NA NA
Tetrachloroethylene 31 30.5 0.02
Toluene 73 10.5 0.18
1,1,1-Trichloroethane 65 21.6 0.03
1,1,2-Trichloroethane 0 NA NA
Trichloroethylene 10 42.7 0.03
Vinyl chloride 5 4.3 0.01
m,p-Xylene 69 11.3 0.09
0-Xylene 72 12.0 0.04

Notes: NA = Not applicable. Precision cannot be evaluated for compounds not detected in any of the replicate

analyses.

“Number of observations’ equals the number of replicate analyses in which the compound was detected.

Compounds detected in more than half of the samples at most of the UATM P monitoring stations are shown in
boldface. As Section 2.2.1 describes, these compounds generally had better precision than those less prevalent
in ambient air (i.e., the compoundsin plain font).
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Table 2-4

VOC Sampling and Analytical Precision

(Based on Duplicate Analysis of 37 VValid Samples)

Number of Ave_rage RPD in Ayerage ancentrr_;\tion
Compound Observations Duplicate Analyses | Difference in Duplicate
(%) Analyses (ppbv)
Acetonitrile 7 12.9 6.33
Acetylene 37 8.1 0.14
Acrylonitrile 3 18.3 0.07
Benzene 37 7.0 0.04
Bromochloromethane 0 NA NA
Bromodichloromethane 0 NA NA
Bromoform 0 NA NA
Bromomethane 2 294 0.03
1,3-Butadiene 20 11.6 0.02
Carbon tetrachloride 36 15.6 0.02
Chlorobenzene 0 NA NA
Chloroethane 0 NA NA
Chloroform 2 17.0 0.02
Chloromethane 37 13.1 0.08
Chloroprene 1 4.7 0.07
Dibromochloromethane 0 NA NA
m-Dichlorobenzene 0 NA NA
o-Dichlorobenzene 0 NA NA
p-Dichlorobenzene 4 19.0 0.03
1,1-Dichloroethane 0 NA NA
1,2-Dichloroethane 1 22.7 0.04
trans-1,2-Dichloroethylene 0 NA NA
1,2-Dichloropropane 0 NA NA
cis-1,3-Dichloropropylene 0 NA NA

Notes: NA = Not applicable. Precision cannot be evaluated for compounds not detected in any of the duplicate

samples.

“Number of observations’ equals the number of duplicate samples in which the compound was detected.
Compounds detected in more than half of the samples at most of the UATMP monitoring stations are shown in
boldface. As Section 2.2.1 describes, these compounds generally had better precision than those less prevalent

in ambient air (i.e., the compoundsin plain font).

Section 2.2.1 explains why arelatively high concentration difference was observed for acetonitrile.
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Table 2-4 (Continued)
VOC Sampling and Analytical Precision
(Based on Replicate Analysis of 37 Valid Samples)

Number of Ave_rage RPD in Ayerage ancentrr_;\tion
Compound Obsarvations Duplicate Analyses | Difference in Duplicate
(%) Analyses (ppbv)
trans-1,3-Dichloropropylene 0 NA NA
Ethyl acrylate 0 NA NA
Ethylbenzene 37 12.2 0.03
Ethyl tert-butyl ether 0 NA NA
Methylene chloride 32 30.9 0.10
Methyl ethyl ketone 36 21.1 0.13
Methyl isobutyl ketone 0 NA NA
Methyl methacrylate 1 30.1 0.04
Methy! tert-butyl ether 19 11.7 0.18
n-Octane 31 16.2 0.02
Propylene 37 8.8 0.07
Styrene 29 17.3 0.03
Tert-Amyl methyl ether 5 339 0.16
1,1,2,2-Tetrachloroethane 0 NA NA
Tetrachloroethylene 17 27.7 0.01
Toluene 37 12.8 0.13
1,1,1-Trichloroethane 35 14.1 0.02
1,1,2-Trichloroethane 0 NA NA
Trichloroethylene 5 39.7 0.03
Vinyl chloride 2 8.4 0.01
m,p-Xylene 37 12.3 0.07
0-Xylene 37 13.1 0.04

Notes: NA = Not applicable. Precision cannot be evaluated for compounds not detected in any of the duplicate
samples.
“Number of observations’ equals the number of duplicate samples in which the compound was detected.
Compounds detected in more than half of the samples at most of the UATM P monitoring stations are shown in
boldface. As Section 2.2.1 describes, these compounds generally had better precision than those less prevalent
in ambient air (i.e., the compoundsin plain font).
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Table 2-5
Carbonyl Detection Limits

Estimated Detection Limit (ppbv)

Compound September 1, 1997— August 17, 1998

August 16, 1998 September 1, 1998
Acetaldehyde 0.004 0.009
Acetone 0.003 0.002
Acrolein 0.005 0.008
Benzaldehyde 0.002 0.008
Butyr/Isobutyraldehyde 0.005 0.009
Crotonaldehyde 0.004 0.009
2,5-Dimethylbenzaldehyde 0.005 0.007
Formaldehyde 0.003 0.004
Hexanaldehyde 0.004 0.011
| sovaleraldehyde 0.010 0.009
Propionaldehyde 0.002 0.008
Tolualdehydes 0.009 0.023
Valeraldehyde 0.006 0.011

Notes: The carbonyl detection limits are based on a sample volume of 1,000 liters of ambient air.

Section 2.2 describes the significance of detection limits and why they changed during the 1997 UATMP.
Because butyral dehyde and isobutyral dehyde el ute from the HPL C column at the same time, the carbony!
analytical method can only report the sum of concentrations for these two compounds and not concentrations of
theindividual compounds. For the same reason, the analytical method reports only the sum of concentrations
for the three tolual dehyde isomers, as opposed to reporting separate concentrations for the three individual
compounds.
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Table 2-6
Carbonyl Analytical Precision
(Based on Replicate Analysis of 82 Valid Samples)

Average
Nurmber of Avgrage RPD in ancentratipn
Compound Observations Replicate Analyses D_|fference in
(%) Replicate Analyses

(ppbv)
Acetaldehyde 82 1.8 0.023
Acetone 82 2.2 0.020
Acrolein 81 11.2 0.004
Benzaldehyde 74 12.0 0.005
Butyr/Isobutyraldehyde 82 5.7 0.010
Crotonaldehyde 28 9.0 0.003
2,5-Dimethylbenzaldehyde 19 18.1 0.002
Formaldehyde 82 1.8 0.054
Hexanaldehyde 82 9.9 0.008
|sovaleraldehyde 45 16.0 0.003
Propionaldehyde 81 4.4 0.007
Tolualdehydes 74 19.8 0.010
Valeraldehyde 82 8.3 0.006

Notes: “Number of observations’ equals the number of replicate analyses in which the compound was detected.
Compounds detected in more than half of the samples at most of the UATM P monitoring stations are shown in
boldface. These compounds generally had better precision than those less prevalent in ambient air (i.e., the
compounds in plain font).

Section 2.2.2 describes the significance of the analytical precision data shown in the table.
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Table 2-7
Carbonyl Sampling and Analytical Precision
(Based on Duplicate Analysis of 41 Valid Samples)

Average
Nurmber of Ave_rage RPD in ancentratipn
Compound Observations Duplicate Analyses D!fference in
(%) Duplicate Analyses

(ppbv)
Acetaldehyde 41 12.6 0.144
Acetone 41 15.6 0.167
Acrolein 40 14.7 0.006
Benzaldehyde 37 13.1 0.006
Butyr/Isobutyraldehyde 41 17.7 0.028
Crotonaldehyde 13 10.4 0.002
2,5-Dimethylbenzal dehyde 9 18.1 0.003
Formaldehyde 41 10.8 0.355
Hexanaldehyde 41 11.4 0.022
|sovaleraldehyde 21 15.7 0.003
Propionaldehyde 40 9.2 0.016
Tolualdehydes 34 24.2 0.013
Valeraldehyde 41 14.2 0.011

Notes: “Number of observations’ equals the number of duplicate analyses in which the compound was detected.
Compounds detected in more than half of the samples at most of the UATM P monitoring stations are shown in
boldface. These compounds generally had better precision than those less prevalent in ambient air (i.e., the
compounds in plain font).

Section 2.2.2 describes the significance of the analytical and sampling precision data shown in the table.

2-20




3.0 Data Analysis Methodology

This section presents the methodology used in this report to summarize and interpret the
1997 UATMP ambient air monitoring data. This methodology includes both data analyses that
have been used in previous UATMP reports (e.g., data summary parameters) and data analyses
that have not been used previoudly (e.g., analyses of concentrations of nitriles and oxygenated
compounds and of annual variations). In general, this methodology consists of three categories of

analyses for identifying notable data trends and patterns:

. Data summary parameters, to provide a succinct overview of the monitoring data
(see Section 3.1)
. Analyses of concentrations of nitriles and oxygenated compounds, to identify

significant spatial variations, statistical correlations, and emissions sources for nine
nitriles and oxygenated compounds—a group of compounds that the VOC
analytical method used in previous UATMPs could not identify (see Section 3.2)

. Annual variations, to examine how concentrations of selected compounds have
changed at every station since the 1994 UATMP (see Section 3.3)

The remainder of this section describes these three categories of the data analysis
methodology. Sections 4 through 11 then use this methodol ogy to thoroughly characterize the
UATMP ambient air monitoring data at the different stations that participated in the 1997

program.

3.1 Data Summary Parameters

Since previous UATMP reports describe in detail the four parameters that have been used
to summarize this program’s monitoring data, the following discussion only briefly reviews how
these parameters efficiently characterize the results of extensive ambient air monitoring studies.
The four summary parameters—prevalence, concentration range, central tendency, and
variability—are used to provide a complete but succinct overview of the nearly 27,000 ambient air

concentrations that were measured during the 1997 UATMP. Sections 4 through 11 present



these summary parametersin a series of tables, one for VOC and one for carbonyls, for each

monitoring location. Brief definitions and descriptions of these summary parameters follow:

. Prevalence of air monitoring data refers to the frequency with which compounds,
or groups of compounds, are detected; it istypically expressed as a percentage
(e.g., acompound detected in 15 of 20 samples has a prevalence of 75 percent).
Compounds that are never detected have a prevalence of 0 percent, and those that
are always detected have a prevalence of 100 percent. Because sampling and
analytical methods cannot reliably quantify concentrations of compounds at levels
near their detection limits, summary statistics for compounds with low prevalence
values should be interpreted with caution. It should be noted that compounds with
a prevalence of zero may still be present in ambient air, but at levels below the
sensitivity of the corresponding sampling and analytical methods.

. The concentration range of ambient air monitoring data refers to the span of
measured concentrations, from lowest to highest. Because the UATMP only
measures 24-hour average concentrations on a biweekly schedule, the lowest and
highest concentrations may not represent the actual minimum and maximum
concentrations observed during the year; ambient air concentrations of VOC and
carbonyls likely rose to higher levels and fell to lower levels on days when samples
were not collected.

. The central tendency of air monitoring data gives a sense of the long-term average
ambient air concentrations. This report uses medians, arithmetic means, and
geometric means to characterize the central tendencies of concentration
distributions. Previous UATMP reports have explained the differences between
these measures of central tendency. All three central tendency parameters are
presented in this report to alow readers to compare UATMP monitoring results
with those from other monitoring studies that may use different data summary
parameters. For insight into how central tendency concentrations varied among
the UATMP monitoring stations, Figures 3-1 and 3-2 present geometric mean
concentrations for selected VOC and carbonyls, respectively. Data analysesin
Sections 4 through 11 explain the trends indicated in these figures.

. Variability in ambient air monitoring data indicates the extent to which
concentrations of certain compounds fluctuate with respect to their central
tendency. This report characterizes data variability using standard deviations and
coefficients of variation. The standard deviation is a commonly used statistical
parameter that provides an absolute indicator of variability, and the coefficient of
variation (calculated by dividing the standard deviation by the arithmetic mean)
offersarelative indicator of variability. The coefficient of variation is better suited



for comparing variability across data distributions for different sites and
compounds.

All data summary parameters presented in this report were calculated from a database of
processed 1997 UATMP ambient air monitoring data. This database was generated by
mani pulating the raw monitoring data to assign all nondetect observations a concentration equal
to one-half the corresponding detection limit; after this, the results of all duplicate sampling events
and replicate laboratory analyses were averaged so that only one concentration was considered for
each compound for each sampling date. These data processing steps are identical to those
described in the 1995 and 1996 UATMP fina reports.

3.2  Analyses of Concentrations of Nitriles and Oxygenated Compounds

As Section 2.2.1 described, the VOC analytical method used during the 1997 UATMP
could identify nine compounds—all nitriles or oxygenated compounds—that were not identified
during earlier UATMPs. To provide participating agencies insight into the likely sources of these
compounds, Sections 4 through 11 include detailed analyses of the airborne levels observed
during the 1997 program. Conclusions drawn in these sections are generally consistent with

current knowledge of how these compounds affect ambient air quality:

. Acetonitrile isused as a solvent in a variety of industrial applications, but recent
studies have found that its largest use is as a solvent for selected oil refining unit
operations (Kirk Othmer, 1985). The compound is also used for making resins
and has been detected in motor vehicle exhaust. Acetonitrileisfairly unreactive
with other airborne pollutants. estimates of its half-lifein air (a parameter
commonly used to gauge photochemical reactivity) range from 535 to 860 days
(Howard, 1989). Therefore, the compound may transport long distances from its
point of origin. Acetonitrile was detected in approximately one-fourth of the
samples collected during the 1997 UATMP.

. Acrylonitrile is used as areagent in many different chemical and materials
production processes, but its largest industrial useis for the manufacture of acrylic
fibers (Kirk Othmer, 1985). The compound has been found at trace levelsin
cigarette smoke and motor vehicle exhaust. Acrylonitrile is much more reactivein
air than acetonitrile: on sunny days, the compound has an estimated half-life of 3.5
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days (Howard, 1989). During the 1997 UATMP, acrylonitrile was detected less
often than acetonitrile and was never detected at four of the monitoring stations.

. Ethyl acrylate, an ester of acrylic acid, is predominantly used in industry for
manufacturing polymers. The compound reacts quickly in ambient air: estimates
of its half-life range from 2.37 to 22.7 hours (Howard, 1989). Ethyl acrylate was
not detected in any of the samples collected during the 1997 UATMP.

. Ethyl tert-butyl ether, also called ETBE, is an ether that is used as an oxygenated
fuel additive in some parts of the country (see sidebar at the bottom of the page,
“Oxygenated Additives to Motor Vehicle Fuels’); however, other oxygenated
additives (e.g., methyl tert-butyl ether and ethanol) are used far more often than
ethyl tert-butyl ether. The compound is also used as a solvent for various
industrial and medical applications. Ethyl tert-butyl ether was detected in only one
VOC air sample collected during the 1997 UATMP.

Oxygenated Additives to Motor Vehicle Fuels

Many oxygenated compounds, when added to gasoline, have been found to help motor vehicle
fuels burn more efficiently, thus reducing certain types of air pollution. Because many parts of
the country have unhealthy levels of air pollution, EPA established two programs that require
motor vehiclesin these areas to use only oxygenated fuels.

EPA’ s wintertime program for oxygenated fuels applies to parts of the country that have
potentially unhealthy levels of carbon monoxide in ambient air. Since 1992, motor vehiclesin
these areas have been required to use fuels that contain at least 2.7 percent oxygen, but only
during the winter months (when concentrations of carbon monoxide are known to be highest).
Some areas that are part of this program, including the El Paso metropolitan area, use motor
vehicle fuels with ethanol additives to meet the oxygenation requirement. EPTX isthe only
1997 UATMP monitoring station that isin an area that is part of EPA’ s wintertime program.

EPA’syear-round program for oxygenated fuels applies to the ten parts of the country that
have the worst ozone problems. Since 1995, EPA has required that al motor vehiclesin these
areas use fuels that contain at least 2 percent oxygen all year round. In these areas, many
different oxygenated compounds are added to the fuels (including ethyl tert-butyl ether and
tert-amyl methyl ether), but methyl tert-butyl ether has been used most widely. Of the 1997
UATMP monitoring stations, only the Camden, New Jersey, station is located in an areathat is
part of EPA’s year-round program.

Source: USEPA, 1998a.




Methyl ethyl ketone is used widely in industry as a solvent for paints, coating
operations, and materials processing. It isaso known to formin the air from
photochemical reactions involving olefins and has been detected in emissions from
combustion processes and motor vehicles. Methyl ethyl ketone reacts with other
air pollution components to form acetaldehyde; its estimated half-lifein air is 2.3
days (Howard, 1989). Of dll the nitriles and oxygenated compounds, methyl ethyl
ketone was detected most frequently during the 1997 UATMP. At nine
monitoring stations, the compound was detected in more than 90 percent of the air
samples.

Methyl isobutyl ketone, like methyl ethyl ketone, is used in many different
industries as a solvent and has been detected in motor vehicle exhaust. The
compound participates in many different photochemical reactions and its half-lifein
ambient air is approximately 15 hours (Howard, 1989). Methyl isobutyl ketone
was not detected at seven of the UATMP monitoring stations during the 1997
program; at the remaining stations, it was detected in fewer than 20 percent of the
samples.

Methyl methacrylate is used for various industrial processes, but primarily in the
manufacture of resins and plastics. In fact, facilities that make methacrylic
polymers (and copolymers) use approximately 75 percent of the methyl
methacrylate that is used in the entire United States. Since the compound is not
known to occur naturaly and it has an estimated half-life of only 2.7 hours,
airborne methyl methacrylate is expected to be found only near industrial facilities
that emit the compound to the air. Methyl methacrylate was rarely detected during
the 1997 UATMP: it was never detected at eight of the monitoring stations and
was detected in fewer than 20 percent of the samples at the other stations.

Methyl tert-butyl ether, commonly referred to as MTBE, is a synthetic chemical
that has been used previoudly for various industrial applications, but is now
predominantly used as an additive to gasoline (see sidebar on the previous page).
In fact, gasoline sold in many parts of the country now contains up to 15 percent
methyl tert-butyl ether. In these areas, motor vehicle exhaust and emissions from
gasoline stations are expected to contain methyl tert-butyl ether. The compound's
half-lifein ambient air is estimated to be between 10 and 30 hours (Mackay et d.,
1992). During the 1997 UATMP, methyl tert-butyl ether was detected in at |east
90 percent of the samples at four stations, and far less frequently at the other
stations.

Tert-amyl methyl ether, aso called TAME, has avery similar chemical structure to
methyl-tert butyl ether and has many industrial uses. Tert-Amyl methyl ether has
also been used as an additive to motor vehicle fuels, though not nearly as
commonly as methyl tert-butyl ether. Data on the half-life of tert-amyl methyl
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ether in ambient air were not readily available in the scientific literature. With one
exception (see Section 7), the compound was rarely, if ever, detected in the
ambient air at the UATMP monitoring stations.

To identify trends and patterns among the ambient air monitoring data for nitriles and
oxygenated compounds, Sections 4 through 11 use various numerical, statistical, and graphical
techniques to highlight how levels of these compounds varied from one monitoring location to the
next. Previous UATMP reports have used smilar techniques to identify air quality trends that

may not be apparent from a cursory inspection of the air monitoring data.

For additional insight into the sources of nitriles and oxygenated compounds in urban
ambient air, Sections 4 through 11 summarize industrial emissions data that facilities within 10

miles of each monitoring station reported to the federal Toxics Release Inventory (TRI). Asthe

Toxics Release Inventory

Section 313 of the Emergency Planning and Community Right-to-Know Act (EPCRA) requires
selected industria facilities to disclose information characterizing environmental releases of,
and waste management practices for, over 600 different “hazardous’ chemicals. The TRI
reporting requirements for reporting year 1995—the most recent year for which data were
publicly available at the writing of this report—applied to facilities that:

. Have at least 10 full-time employees.

. Fall into Standard Industrial Classification (SIC) codes 20 through 39 (these include
most industrial manufacturing facilities).

. Manufacture, process, or otherwise use hazardous chemicals in quantities exceeding

established thresholds over the course of a calendar year.

Facilities meeting these criteria must submit to EPA either (1) “Form R” reports that specify
the quantities of hazardous chemical released to the environment or transferred to offsite
locations or (2) “Form A” reports that certify that chemical releases and waste management
guantities total no more than 500 pounds. Every year, nearly 80,000 “Form R” and “Form A”
reports are submitted to EPA and loaded into the TRI database. This report considers TRI
emissions data almost exclusively from reporting year 1995. Emissions data from 1996 and
1997 are not yet publicly available on compact disk—the data release format that allows for the
most sophisticated queries of emissions data

Source: USEPA, 1997b.




sidebar on the previous page explains, the TRI contains extensive emissions data for awide range
of industries and provides an excellent reference for evaluating how industrial emissions might
impact ambient air concentrations of selected pollutants in different parts of the country. The
accuracy of TRI datais not known, but is certainly dependent upon the accuracy of emissions
estimates provided by industrial facilities. Sections 4 through 11 summarize the 1995 TRI data
for the nine nitriles and oxygenated compounds except for ethyl tert-butyl ether and tert-amyl
methyl ether, which were not part of the TRI reporting requirements. These sections also note
important limitations associated with TRI data (e.g., the accuracy not being known, the fact that

not every industry is required to report, and the fact that small businesses do not have to report).

It should be noted that the TRI data presented in this report characterize environmental
releases during 1995 and the ambient air monitoring data characterize air quality in 1997 and
1998. Despite the differing time frames, the 1995 TRI data are expected to be reasonably
representative of more recent emissions trends. Though there are undoubtedly many exceptions,
most facilities listed in the 1995 TRI database (especially those that manufactured listed
chemicals) probably continue to use many of the same chemicals that they used in 1995. Since the
exact relationship between emissionsin 1995 and emissions in 1997 is not known, this report uses
the 1995 TRI data only as an indicator of the extent to which industrial emissions in particular
locations may affect air quality. Analyses of comprehensive local emissions inventories, if
available, may provide participating agencies greater insight into how industrial sources affect air
quality at the UATMP monitoring stations.

3.3  Annual Variations

When assessing trends in air pollution, data analysts typically try to answer one basic
question: Arelevelsof air pollution in a given areaincreasing or decreasing over the long term?
To help answer this question, Sections 4 through 11 assess how annual average concentrations of
the most prevalent VOC and carbonyls have changed from one UATMP year to the next. These
analyses of annual variations only consider ambient air monitoring data collected during the

current UATMP procurement, which spanned program years 1994 to 1997. As Table 3-1 shows,
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every monitoring station that participated in the 1997 UATMP, except the monitoring stationsin
Arkansas, has also been part of earlier programs during this procurement. (Note: Sections 9 and
11 include more detailed analyses of the current ambient air monitoring data for the two stations
in Arkansas.) Though some stations have participated in the UATMP prior to program year
1994, data from these earlier programs are not considered in this report because important
features of the current monitoring program, such as detection limits, |aboratory analytical
equipment, and field sampling equipment, may differ from similar features of previous UATMP

procurements.

Each year, the UATMP fina report estimates annual average concentrations of selected
pollutants based on the results of around 30 sampling events. Because sampling for this program
does not occur daily, the annual average concentrations presented in UATMP reports should only
be viewed as estimates of the true annual average levels. Therefore, changes in estimated annual
average concentrations from one year to the next do not necessarily imply that actual levels of air
pollution have changed over the same time frame. To assess the statistical significance of annua
variations, this report uses the 95-percent confidence interval of estimated annual average
concentrations to determine whether the UATMP monitoring data indicate notable long-term
changesin air quality. Asopposed to using point-estimates of annual average concentrations,
confidence intervals indicate a range of annual average concentrations in which one can be
reasonably certain that the actual annual average concentration lies.! Sections 4 through 11
(excluding the two monitoring stations in Arkansas) present a series of figures—one for each
compound—that indicate how the 95-percent confidence interval of the annual average
concentration changed from the 1994 UATMP to the 1997 UATMP. It can be inferred that two

! Technical ly, 95-percent confidence intervals have adightly different statistical meaning. If one wereto
compute 95-percent confidence intervals for 100 different samples of a population, 95 of the intervals would contain the
actual population average. Applied to the UATMP, this means that if 95-percent confidence intervals were cal culated
for 100 different ambient air monitoring programs (of similar scope) that were conducted at a particular monitoring
station in the same year, 95 out of the 100 confidence intervals would include the actual annual average concentration.
By inference, one can be 95-percent certain that the 95-percent confidence interval of a specific monitoring program
(e.g., the 1997 UATMP) includes the actual annual average concentration.
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different annua average concentrations with overlapping confidence intervals may not be
statistically different; smilarly, two different annual average concentrations with confidence

intervals that do not overlap are likely statistically different.?

Though the annual variations presented in Sections 4 through 11 may suggest notable
trends, it isimportant to interpret al apparent trends in proper context. For instance, many
different factors may cause statistically significant changesin air quality over a 3-year period:
environmental regulations may require decreased emissions from certain industrial sources, traffic
patterns and the composition of motor vehicle fuels may change from one year to the next, and
certain meteorological conditions that affect photochemical reactivity and atmospheric transport
are known to exhibit annual fluctuations. Though this report attempts to explain likely causes of
annual variationsin air quality, participating agencies should research the apparent causes of such

variationsin greater detail.

Another important consideration for evaluating annual trends is the fact that statistically
significant changesin air quality, even those over 3-year periods, are not necessarily
representative of trends over longer time frames. For instance, for pollutants emitted primarily by
industrial sources at discrete locations in urban areas, ambient air concentrations are typicaly a
function of prevailing wind patterns and other meteorological conditions. For such pollutants, a
statistically significant decrease in concentrations may only reflect fluctuating meteorology, and
such atrend would not be expected to persist over the longer term (assuming the industrial
emissions do not change). Thus, participating agencies should carefully consider the many
different factors that affect air quality (e.g., pollution control regulations, reformulated gasoline
policies, meteorological conditions) when interpreting the annual variations presented in
Sections 4 through 11.

2 Though comparing 95-percent confidence intervals of average concentrations from one year to the next is
useful for illustrating air quality trends, this approach does not necessarily identify all situations where the difference
between two annual average concentrationsis statistically significant. Statistical tests, such as the Spearman rho test or
the Kendall tau test, are specifically designed to characterize the statistical significance of trends. Such detailed
statistical analyses are not part of the scope of this project.
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Figure 3-1 (Page 1 of 6)
Geometric Mean Concentrations for Selected VOC
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Figure 3-1 (Page 2 of 6)
Geometric Mean Concentrations for Selected VOC
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Figure 3-1 (Page 3 of 6)
Geometric Mean Concentrations for Selected VOC
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Figure 3-1 (Page 4 of 6)
Geometric Mean Concentrations for Selected VOC
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Figure 3-1 (Page 5 of 6)
Geometric Mean Concentrations for Selected VOC
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Figure 3-1 (Page 6 of 6)
Geometric Mean Concentrations for Selected VOC
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Figure 3-2 (Page 1 of 4)
Geometric Mean Concentrations for Selected Carbonyls
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Figure 3-2 (Page 2 of 4)
Geometric Mean Concentrations for Selected Carbonyls
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Figure 3-2 (Page 3 of 4)
Geometric Mean Concentrations for Selected Carbonyls
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Geometric Mean Concentrations for Selected Carbonyls

Figure 3-2 (Page 4 of 4)
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Table 3-1
Availability of UATMP Monitoring Data from Previous Program Years

Program Y ears During Which
Monitoring Station Station Participated in the UATMP
1994 1995 1996 1997
Baton Rouge, LA (B2LA) v v v
Brattleboro, VT (BRVT) v v v
Burlington, VT (BUVT) v v v
Camden, NJ (CANJ) v v v v
El Paso, TX (EPTX) v v v
Garyville, LA (GALA) v v v
Hahnville, LA (HALA) v v v
North Little Rock, AR (PARR) v
Rutland, VT (RUVT) v v v
Texarkana, AR (GREY) v
Underhill, VT (UNVT) v v v
Winooski, VT (WIVT) v v v

Notes: As Section 3.3 describes, some of the stations shown in the table participated in UATMPs prior to the 1994
program. However, this report only considers ambient air monitoring data collected during the current
procurement (i.e., UATMP program years 1994 through 1997).

The monitoring station at Brattleboro, Vermont, collected air samples only during a small portion of the 1995
UATMP. Section 5.3 describes the significance of this limited sampling.

As Section 2.3 notes, the monitoring stations at North Little Rock, Arkansas (PARR), Texarkana, Arkansas
(GREY), and Winooski, Vermont (WIVT) did not collect air samples throughout the 1997 UATMP.
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4.0 Monitoring Results for Baton Rouge, LA (B2LA), Garyville, LA (GALA), and
Hahnville, LA (HALA)

This section summarizes and interprets ambient air monitoring data collected over the last
3 yearsin three Louisiana cities along the Mississippi River: Baton Rouge, Garyville, and
Hahnville. Because two of the air monitoring stations (GALA and HALA) are located within 15
miles of each other, the air quality in these two cities may be influenced by some of the same
factors. Air quality at the Baton Rouge monitoring station (B2LA) may not be influenced by the
same factorsas air at GALA and HALA, sinceit isroughly 75 miles away from these Sites.
However, showing the B2LA data along with the GALA and HALA data may reveal regional
trends in the air quality of southeast Louisiana. For these reasons, results from the three stations

are presented in this one section, instead of in three separate sections.

Figures 4-1, 4-2, and 4-3 illustrate the land use in the areaimmediately surrounding the
Baton Rouge, Garyville, and Hahnville monitoring stations. The B2LA station islocated in a
highly industrial area of Baton Rouge. Approximately 335,000 people live, and numerous
industrial facilities operate, within 10 miles of the B2LA station, and Interstate 110 passes within
2 city blocks of the monitoring station. Southeast of B2LA, the GALA and HALA monitoring
stations are located in two smaller towns within 15 miles of one another. HALA islocated
directly across the Mississippi River from alarge refinery, and numerous other industrial facilities
are located near the monitoring site. The GALA station is on the roof of a high school in a

residential area; alarge refinery and other industries are located nearby.

Table 4-1 presents completeness data for the B2LA, GALA, and HALA monitors. The
completeness of VOC and carbonyl sampling at the three stations ranged from 81 to 92 percent.
These high compl eteness figures suggest that the 1997 UATMP was efficiently managed at
B2LA, GALA, and HALA. With relatively few void samples, the air monitoring data for these

stations are expected to represent actual annual trendsin air pollution.



The remainder of this section summarizes the 1997 UATMP monitoring data for B2LA,
GALA, and HALA (Section 4.1), analyzesin detail ambient air concentrations of selected nitriles
and oxygenated compounds at these three stations (Section 4.2), and illustrates how ambient air
concentrations of certain compounds have changed in southeast L ouisiana since the 1995
UATMP (Section 4.3). For quick reference, this section concludes with a brief summary that
highlights the most notable air quality trends observed for this area (Section 4.4).

4.1 Data Summary Parameters for the 1997 UATMP

Tables 4-2 through 4-4 and 4-6 through 4-8 use the data summary parameters defined in
Section 3.1 to thoroughly describe the ambient air monitoring data collected at the B2LA, GALA,
and HALA monitoring stations. The format used in these tables is the same as that used in earlier

reports, thus facilitating comparisons of selected summary statistics from one year to the next.

4.1.1 Data Summary of VOC
Tables 4-2, 4-3, and 4-4 reveal the following notable trends regarding ambient air
concentrations of VOC at B2LA, GALA, and HALA, respectively:

. Prevalence. According to the data summary tables, the following 15 compounds
were detected in more than half of the ambient air samples collected at the
monitoring stations in Baton Rouge, Garyville, and Hahnville:

Acetylene Methylene chloride  Toluene

Benzene Methyl ethyl ketone  1,1,1-Trichloroethane
Carbon tetrachloride n-Octane m,p-Xylene
Chloromethane Propylene 0-Xylene
Ethylbenzene Styrene

In addition, acetonitrile, 1,3-butadiene, and tetrachloroethylene were detected in
more than half of the sasmplesat B2LA, but not at GALA or HALA. Most of the
analyses in this section focus on the compounds with highest prevalence: their
summary statistics are least affected by nondetect observations, which are replaced
in the UATMP database with an estimated concentration of one-half the detection
limit.



The high prevalence of acetonitrile at B2LA appears to be a unique, site-specific
trend. The compound was detected in every valid sample at Baton Rouge, but was
detected in fewer than 30 percent of the samples at every other monitoring station
in the 1997 UATMP. Section 4.2 discusses air quality trends for this compound in
greater detail.

Despite the emphasis this section places on the most prevalent compounds, it
should not be inferred that the other compounds are not present in the ambient air
in southeast Louisiana. The least prevalent compounds may exist in the air, but at
levels consistently below what the VOC analytical method can measure. Thus,
statistically meaningful air quality trends cannot be calculated for these
compounds.

Concentration range. Tables 4-2 through 4-4 aso show the range of ambient air
concentrations measured at B2LA, GALA, and HALA. At al three monitoring
stations, at least one 24-hour average concentration was higher than 1.0 ppbv for
the following eight compounds: acetonitrile, acetylene, benzene, methyl ethyl
ketone, propylene, toluene, and m,p-xylene.

In addition, some other compounds had 24-hour average concentrations above 1.0
ppbv at only one or two of the monitoring sites. These compounds include
acrylonitrile (at HALA), 1,3-butadiene (at B2LA), chloroform (at B2LA),
chloromethane (at GALA and HALA), chloroprene (at GALA), methylene
chloride (at GALA and HALA), methyl tert-butyl ether (at B2LA), n-octane (at
HALA), and 1,1,1-trichloroethane (at GALA and HALA). The fact that so many
compounds had relatively high concentrations at one or two sites, but not at all
three, suggests that local emissions sources, and probably not emissions sources
common to all three areas, account for the peak concentrations of these
compounds.

Two compounds—acetonitrile and 1,1,1-trichloroethane—had particularly high
peak concentrations at some, or all, of the monitors in southeast Louisiana. For
instance, the highest concentrations of acetonitrile at B2LA (402.0 ppbv), GALA
(30.53 ppbv), and HALA (6.54 ppbv) were among the highest concentrations of
this compound observed at all 12 UATMP monitoring stations. In fact, even the
lowest concentration of acetonitrile at B2LA (6.16 ppbv) was much higher than the
highest concentration of most other compounds at this and other stations. Section
4.2 discusses ambient air concentrations for acetonitrile in greater detail. 1n the
case of 1,1,1-trichloroethane, the highest concentration at GALA (138.76 ppbv)
was the highest level of this compound measured during the entire 1997 UATMP,
yet, concentrations of 1,1,1-trichloroethane at B2LA and HALA never exceeded
1.03 ppbv. This spatia variation can be best explained by a predominant emissions



source of the compound being located closest to the GALA monitoring station.
Analyses later in this section revisit thisissue.

When interpreting data on highest concentrations, it isimportant to note that the
UATMP monitors did not collect samples daily. Thus, the concentration rangesin
the summary tables probably do not represent the actual span of ambient air
concentrations in southeast Louisiana; ambient air concentrations probably rose to
higher levels on days when samples were not collected.

Central tendency. Table 4-5 lists the geometric mean concentrations of the 15
most prevalent compounds detected at the three monitoring sites in southeast
Louisiana. Clearly, the geometric mean concentrations for these compounds vary
among the three monitoring stations. These spatial variations can be classified into
three categories: compounds with no notable spatial variations, compounds with
highest levels at B2LA, and compounds with highest levelsat GALA. The
following provides a description of these categories in detail:

@ Two of the 15 most prevalent compounds, carbon tetrachloride and
methylene chloride, have geometric mean concentrations that are not
notably different at the B2LA, GALA, and HALA monitoring locations.
The final report for the 1996 UATMP demonstrated that concentrations of
carbon tetrachloride are relatively constant, regardless of geographical
location, time of year, and proximity to industrial or motor vehicle
emissions sources. The datain Figure 3-1 support this hypothesis. For
these reasons (and other reasons documented in the 1996 report),
concentrations of carbon tetrachloride in southeast Louisiana are believed
to represent a “global background level,” influenced little by local
emissions sources. As noted in the discussions on variability (below), the
relatively similar concentrations of methylene chloride at B2LA, GALA,
and HALA appear to be linked to industrial emissions sources. Though the
predominant sources of this compound in each area are not known, they
probably include the several facilitiesin the area that reported releases of
methylene chloride to TRI and the countless smaller facilities in the area
that use the compound but are not required to report releasesto TRI. The
similarity in the ambient air concentrations implies, though certainly does
not prove, that industriesin the vicinity of the B2LA, GALA, and HALA
monitoring stations emit comparable quantities of methylene chloride.

2 As Table 4-5 shows, the following 11 compounds had higher geometric
mean concentrations at B2LA than at GALA and HALA: acetylene,
benzene, ethylbenzene, methyl ethyl ketone, n-octane, propylene, styrene,
toluene, m,p-xylene, and o-xylene. Statistical analyses indicate that
concentrations of acetylene, benzene, ethylbenzene, toluene, and the xylene
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isomers are highly correlated at each of the monitoring stations. These
results suggest that an emissions source found at all three monitoring
locations predominantly affects ambient air concentrations of these
compounds. both motor vehicles and industrial emissions sources
(particularly oil refineries) are found throughout the area. The higher
geometric mean concentrations for these compounds at B2LA probably
results from a higher level of vehicular traffic near the monitoring site.

Though motor vehicle exhaust is known to contain propylene, no
significant correlations were found between concentrations of propylene
and concentrations of other hydrocarbons measured at the B2LA, GALA,
and HALA monitors. The lack of correlations suggest that other factors,
most likely industrial emissions, significantly affect ambient air
concentrations of this compound. The TRI data for reporting year 1995
support this hypothesis. three facilities within the Baton Rouge city limits
reported emitting over 300,000 pounds of propyleneto the air in 1995; a
facility located in very close proximity to the HALA monitoring station
reported emitting over 1,300,000 pounds; and severa other facilitiesin
southeast Louisiana also released propylene to the air, but at locations far
from the monitoring stations. Therefore, a combination of motor vehicle
emissions and industrial emissions most likely accounts for the spatial
variations in propylene concentrations in southeast L ouisiana.

Similar to the spatial variations observed for propylene, the spatial
variations for methyl ethyl ketone, n-octane, and styrene are expected to
result from some combination of emissions from motor vehicle and
industrial sources. Section 4.2 considers the data patterns for methyl ethyl
ketone in greater detail, and the relative contributions of different sources
for n-octane are difficult to assess since industrial facilities are not required
to disclose releases of the compound to TRI. The spatial variationsin
levels of styrene, however, appear to be linked primarily to emissions from
industrial sources, for three reasons. First, the geometric mean
concentration at B2LA was over three times higher than that at GALA and
HALA; yet, compounds typically associated with motor vehicle exhaust
exhibited far less pronounced concentration differences among these
monitoring locations. Second, according to the 1995 TRI data, the
combined emissions of styrene from six industrial facilities in the Baton
Rouge city limits was over 150,000 pounds, and emissions from facilities
near GALA and HALA were approximately an order of magnitude lower.
Third, because the geometric mean concentration of styrene at B2LA was
more than twice as high as that at EPTX (the station believed to be most
affected by emissions from motor vehicles), it is highly unlikely that
emissions from motor vehicles aone explain the relatively high levels of
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styrene at B2LA. More detailed inventories of local sources, including
those not required to report to TRI, may help identify other notable
sources of styrenein the area.

(©)) Of the 15 compounds listed in Table 4-5, only chloromethane and
1,1,1-trichloroethane had geometric mean concentrations that were higher
at GALA than at either B2LA or HALA. Though the geometric mean
concentration of chloromethane differs among the monitoring locations in
southeast Louisiana, the difference in concentrationsis only marginal: the
geometric mean concentration at GALA isonly 14 percent higher than that
at HALA and just over 50 percent higher than that at B2LA. It isuncertain
whether such amargina difference reflects spatial variationsin an
emissions source or simply natural fluctuationsin air quality.

On the other hand, geometric mean concentrations of 1,1,1-trichloroethane
at GALA were nearly three times higher than those at HALA and B2LA.
Closer inspection of the monitoring data reveal s that two outlier
concentrations at GALA (57.3 ppbv and 138.76 ppbv) account for much of
the higher central tendency figures at this station. Even disregarding these
outliers, however, the geometric mean concentration at GALA would be
0.22 ppbv, which is still nearly twice as high as the geometric mean
concentrations at B2LA and HALA. Therefore, an emissions source (or
sources) near the GALA monitoring station probably best explains the
gpatial variations in 1,1,1-trichloroethane observed for these monitors.
Only one industria facility in the area—an oil company in Garyville,
Louisiana—reported air releases of the compound to TRI in 1995, but the
magnitude of the air releases (60 pounds) is far too low to account for the
gpatia variationsin air quality. Further research is encouraged to identify
additional sources of 1,1,1-trichloroethane in the vicinity of GALA.

To compare ambient concentrations of VOC in southeastern L ouisiana with those
at other UATMP monitoring stations, Figure 3-1 shows geometric mean
concentrations for selected VOC. Thisfigure reveds several important features of
the data gathered during the 1997 UATMP. First and most apparent of these
features is the geometric mean concentration of acetonitrile at B2LA (86.86 ppbv)
being more than two orders of magnitude higher than that at every other UATMP
monitoring station. The most logical explanation for the elevated concentration in
just one city is an emissions source specific to the area. The 1995 TRI data
indicate that two facilities in the Baton Rouge city limits emitted a total of 10,428
pounds of acetonitrile to the air in a year, but the emissions from these sources (if
accurately reported) are notably lower than those for other compounds in the area.
It is possible that the high levels of acetonitrile at B2L A may result from the fact
that the compound is relatively unreactive in ambient air (see Section 3.2)—once
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emitted to the air, acetonitrile probably gradually transports to regions of lower
concentration, rather than decomposing in the air or reacting with other
compoundsintheair. Section 4.2 discusses the measured levels of acetonitrilein
greater detail.

Other important features apparent from Figure 3-1 are that B2LA had the highest
geometric mean concentration of styrene and the second highest of methyl ethyl
ketone and that GALA had the highest geometric mean concentration of
1,1,1-trichloroethane. (Note: GALA also had the highest geometric mean
concentration of chloromethane, but levels of this compound at GALA were only
marginally higher than those at the other stations.) As noted above, industrial
emissions most likely account for these trends; Section 4.2 considers spatial
variations of methyl ethyl ketone in greater detail.

Note: When interpreting the graphsin Figure 3-1, it isimportant to understand
that the 1997 UATMP characterized air quality in avery small subset of
urban areas in the United States and only at discrete locations within these
areas. Sincethe 1997 UATMP did not sample air in most urban centersin
the United States, the fact that B2LA and GALA had the highest geometric
mean concentrations of certain compounds does not necessarily mean that
levels of air pollution in these areas are worse than those in every other
urban area.

. Variability. With four exceptions, coefficients of variation for the most prevalent
VOC at the three monitoring stations in southeast L ouisiana were lower than 2.0.
The exceptions were: methylene chloride at GALA and HALA, methyl ethyl
ketone at GALA, and 1,1,1-trichloroethane at GALA. The relatively higher
variability for these compounds provides evidence that they originated primarily
from emissions sources at discrete locations (e.g., industrial emissions sources),
because the monitors would probably detect the compound only when emissions
from these specific locations blew toward the station.

To provide more information on trends and patterns among VOC monitoring datain
southeast L ouisiana, Section 4.2 describes in detail the monitoring data for nitriles and

oxygenated compounds and Section 4.3 comments on annual variations.



4.1.2 Data Summary of Carbonyls
Tables 4-6 through 4-8 reveal the following notable trends regarding ambient air
concentrations of carbonylsat B2LA, GALA, and HALA, respectively:

. Prevalence. The prevalence datain Tables 4-6 through 4-8 indicate that all but six
of the carbonyl compounds (crotonaldehyde, 2,5-dimethylbenzaldehyde,
isovaleraldehyde, and tolualdehydes) were detected in at least half of the samples
collected at the B2LA, GALA, and HALA monitoring stations. Of these six,
isovaleraldehyde and the tolualdehyde isomers were detected in over half of the
valid samplesat GALA and HALA, but not at B2LA. Since ailmost every carbonyl
was detected at measurable levels at these stations, summary statistics for most of
the carbonyls are likely not influenced by large numbers of nondetect observations.
Therefore, most of the summary statistics are expected to represent actual air
quality trends for carbonyls in southeast Louisiana.

. Concentration range. Only acetaldehyde, acetone, and formaldehyde had at least
one 24-hour average concentration higher than 1.0 ppbv at al three monitoring
stations. Concentrations of hexanaldehyde at HALA and GALA and
concentrations of butyr/isobutyraldehyde and valeraldehyde at HALA also
exceeded this threshold. At all three monitoring stations, formaldehyde had the
highest concentration of all 16 carbonyls. Again, the highest and lowest
concentrations shown in Tables 4-6 through 4-8 are only estimates of the actual
concentration ranges, since concentrations may have reached higher and lower
levels on days when samples were not collected.

. Central tendency. At al three stations, the combined geometric mean
concentrations of acetaldehyde, acetone, and formal dehyde account for over 80
percent of the concentration of total carbonyls measured during the 1997 UATMP,
and formaldehyde accounts for more than 47 percent at each site. To highlight the
gpatia variations in concentrations of carbonyls, Table 4-9 lists the geometric
mean concentrations of the 10 most prevalent compounds detected at the B2LA,
GALA, and HALA monitoring stations. In comparison to Table 4-5, which shows
agreat degree of difference among geometric mean concentrations for some VOC,
Table 4-9 indicates a notable similarity in the geometric mean concentrations
across al three stations for most every carbonyl. Of particular significance,
geometric mean concentrations of the three carbonyls consistently detected at
highest levels (acetaldehyde, acetone, and formaldehyde) differed by no more than
55 percent among the three monitoring stations,; geometric mean concentrations of
some VOC, on the other hand, differed by more than 300 percent among the three
stations. This different spatial variation provides some evidence that the factors
most affecting ambient levels of carbonyls in southeast L ouisiana differ from those
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affecting concentrations of VOC. Further research is needed to determine the
extent to which different factors (such as emissions from natural sources, emissions
from motor vehicles, and photochemical reactions) explain the notably weaker
gpatial variations for carbonyls.

Figure 3-2 compares the geometric mean concentrations of carbonyls in southeast
Louisiana with those at the other 1997 UATMP monitoring stations. Except for a
few compounds at GALA, geometric mean concentrations of the most prevalent
carbonyls at the monitoring stations in southeast L ouisiana were not unusually
higher or lower than those at any other UATMP monitoring station. Asthe
exceptions, GALA had the highest geometric mean concentrations for
hexanaldehyde, propionadehyde, and valeradehyde. Of these three, only levels of
valeraldehyde were notably higher at GALA—by more than afactor of two—than
levels at the other UATMP stations. Though carbonyls are emitted by motor
vehicles, mobile sources probably do not explain the higher levels of certain
carbonyls at GALA, since the surrounding area has little motor vehicle traffic in
comparison to the areas surrounding most of the UATMP monitoring stations. It
isdifficult to determine whether industrial sources account for the relatively high
levels of carbonyls at GALA because (1) facilities are not required to disclose
information on releases of hexanaldehyde and valeraldehyde to TR, (2) no
facilities in the immediate vicinity of GALA reported releases of propionaldehyde
to TRI in 1995, and (3) sources not subject to the 1995 TRI reporting
requirements (e.g., electrical utilities and incinerators) may have emitted large
quantities of these carbonyls. Section 12.1 comments further on what these spatial
variations indicate about the sources of carbonylsin urban ambient air.

. Variability. Tables 4-6 through 4-8 show that the coefficients of variation for the
most prevaent carbonylsat B2LA and GALA are dl lower than 1.5. These
similar, relatively low coefficients of variation suggest that these carbonyls are
consistently found in ambient air and their concentrations do not change
dramatically from one sample to the next, regardiess of changing meteorological
conditions. At HALA, however, the coefficients of variation for five carbonyls
exceeded 1.5. The reason for the greater variability observed at thissiteis
unknown, and warrants further investigation.

For further information on air quality trends for carbonyls, readers should refer to Section
4.3.2 for an overview of how their levels have changed in southeast Louisiana since 1995 and to
Section 12.1 for ageneral summary of carbonyl monitoring data collected at all 12 monitoring

stations that participated in the 1997 monitoring program.



4.2  Analyses and Interpretations for Nitriles and Oxygenated Compounds

As Section 2.2.1 described, improvements to the VOC analytical method prior to the 1997
UATMP have enabled the detection of nine compounds (all nitriles and oxygenated compounds)
that could not be detected in earlier UATMPs. Though the mgority of these compounds were
rarely detected at all three monitoring stations, the air monitoring data for the remaining
compounds provide useful insight into levels of air pollution in southeast Louisiana. The
following discussion summarizes air monitoring data collected at B2LA, GALA, and HALA for

these compounds:

. Compounds that were rarely, if ever, detected. Of the nine nitriles and oxygenated
compounds measured during the 1997 UATMP, five (ethyl acrylate, ethyl
tert-butyl ether, methyl isobutyl ketone, methyl methacrylate, and tert-amyl methyl
ether) were detected in fewer than 20 percent of the valid samples at the
monitoring stations in southeast Louisiana. As aresult, little can be said about the
air quality trends for these compounds. Nonetheless, areview of industrial
emissions of these compounds follows:

The 1995 TRI data indicate that afacility within 3 miles of the HALA monitoring
station released over 57,000 pounds of ethyl acrylate to the air in 1995. However,
these emissions apparently did not influence ambient air concentrations at HALA
during the 1997 UATMP, possibly because the facility now releases less (or no)
ethyl acrylate to the air or because the compound might decompose in air before it
reaches the air monitoring station. (As Section 3.2 noted, ethyl acrylate is very
reactive in ambient air.) As Tables 4-2 through 4-4 show, methyl isobutyl ketone
and methyl methacrylate were both more prevaent inthe air at B2LA than they
were at both GALA and HALA. Consistent with this observation, the 1995 TRI
indicates that three facilities located in Baton Rouge, and no facilities near GALA
and HALA, reported releasing methyl isobutyl ketone to the air. However, no
facilitiesin al of southeast Louisiana reported releasing methyl methacrylate,
though there are undoubtedly many facilitiesin the area that use some quantities of
the compound. Facilities currently are not required to report releases of ethyl
tert-butyl ether or tert-amyl methyl ether to TRI, but the fact that they were rarely
detected at the three monitoring stations suggests that industrial emissions of these
compounds are probably relatively insignificant.

. Acetonitrile. As Section 4.1.1 noted, ambient air concentrations of acetonitrile at
B2LA were, on average, over 100 times higher than those at every other
monitoring station. In fact, acetonitrile accounted for over 90 percent of the total
VOC detected in most every sample collected at B2LA. These concentrations
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exhibited significant seasonal variations: the average concentration during the
warmer summer months (May to August) was more than six times lower than the
average concentration during other times of the year. Such seasonality in ambient
air concentrationsis typical for compounds that are consumed by photochemical
reactions, which reach their peak during the summer months. However, this
explanation should be verified by reviewing ambient air monitoring data collected
in future years, especially because acetonitrile is relatively unreactive in ambient air
(see Section 3.2).

Since no other UATMP monitoring station, including the two other stationsin
southeast L ouisiana, detected acetonitrile at comparable levels, the only logical
explanation for the concentrations observed in B2LA isthat a source (or sources)
that is unique to the area emits the compound. Emissions from motor vehicles
probably account for little, if any, of the measured concentrations, because this
source is common to all urban environments. Consistent with this observation is
the fact that concentrations of acetonitrile at B2LA were very weakly correlated, if
not completely uncorrelated, with ambient air concentrations of each one of the
most prevalent VOC and carbonyls, including those commonly found in motor
vehicle exhaust. Therefore, the predominant emissions source for acetonitrileis
probably different from the predominant sources of the various VOC and
carbonyls.

The 1995 TRI reveds a significant industrial source of acetonitrile (ranked 25 in
acetonitrile releases out of 89 total facilities nationwide) located within 3 miles of
B2LA, and aless significant source within the Baton Rouge city limits. Combined,
these sources reportedly emitted 10,428 pounds of acetonitrile in 1995—an
emissions level that is probably too low to account for the observed levels of
acetonitrile. It is unknown whether emissions from these facilities were reported
accurately or whether they have increased since the 1995 TRI reporting year.
Given the magnitude of the ambient air concentrations of acetonitrile measured at
B2LA during the 1997 UATMP, further research into local emissions sources of
the compound is encouraged. Note, the analyses in Section 11 list several
similarities between the acetonitrile data at B2LA and those at Texarkana,
Arkansas (GREY).

Acrylonitrile. Acrylonitrile was detected in eight samples at HALA, but in none of
the samples at GALA or B2LA. Almost every detection at HALA wasin the
months of June, July, and August. Given that acrylonitrile was never detected at
GALA and the more densely populated B2L A, the levels of observed at HALA
most likely originated from alocal industrial source and not from motor vehicles.
According to the 1995 TRI, releases of acrylonitrile to the air were reported by
facilities within 10 miles of GALA and B2LA (including afacility near B2LA that
ranked 28 in acrylonitrile releases out of 105 nationwide), but they were not
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reported by asingle facility near HALA. This apparent inconsistency between TRI
data and the UATMP monitoring data highlights the fact that these two methods
of evaluating air quality do not always support the same conclusions. The actual
source of acrylonitrile releases near the HALA monitoring station is not known.

Methyl ethyl ketone. According to the data summary tables, methyl ethyl ketone
was detected in at least 79 percent of the valid samples at all three monitoring
stations in southeast Louisiana. The geometric mean concentration of this
compound was highest at B2LA, which detected the second highest geometric
mean concentration out of all stations that participated in the 1997 UATMP. Itis
interesting to note that the geometric mean concentration of methyl ethyl ketone at
B2LA was aimost twice as high as that at EPTX (the monitoring station believed
to be most influenced by motor vehicle emissions). Since higher levels of the
compound were observed at B2LA (a Site assumed to be less influenced by motor
vehicle emissions), it can be inferred that methyl ethyl ketoneinthe air at B2LA
probably originated, to alarge extent, from industrial sources. According to the
TRI, four industrial facilities located within the Baton Rouge city limits together
released over 120,000 pounds of methyl ethyl ketone to the air in 1995. Emissions
from these sources, plus those from sources not subject to TRI reporting, likely
contributed to the relatively high levels of methyl ethyl ketone at B2LA.

Also consistent with the spatial variations in this compound is the fact that only
one facility in the vicinity of GALA and HALA reported emitting methyl ethyl
ketone to the air, according to the 1995 TRI. Just as ambient air concentrations of
the compound are lower at GALA and HALA than they are at B2LA, the reported
emissions of methyl ethyl ketone for this one facility near GALA and HALA
(86,000 pounds) are also lower than the reported emissions near B2LA. Although
TRI emissions data are consistent with the observed spatial variationsin methyl
ethyl ketone, many other sources of this compound undoubtedly exist throughout
the area.

Methyl tert-butyl ether. Of the three stations in southeast Louisiana, B2LA
detected methyl tert-butyl ether, an ingredient of reformulated fuels, most
frequently. On average, concentrations of methyl tert-butyl ether at B2LA were at
least three times higher than those at GALA and HALA. Since EPA does not
require that motor vehiclesin southeast Louisiana use reformulated fuels, it is not
likely that motor vehicle emissions explain the spatial variations for this compound.

Emissions from industrial sources, however, appear to be quite consistent with the
varying levels of methyl tert-butyl ether in the area. For instance, the facility that
reported the highest amount of air emissions of methyl tert-butyl ether to TRI in
1995 (356,629 pounds) is located in Baton Rouge, as is another facility that
reported far less emissions (6,400 pounds). On the other hand, only two industrial
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facilitiesin the vicinity of GALA and HALA reported releasing the compound, and
in far less quantities (7,553 pounds and 77,500 pounds). The extent to which the
1995 emissions data represent emissions during the 1997 UATMP is not known.
Ongoing analyses of ambient air monitoring data collected in the area and
emissions data reported by nearby facilities are encouraged, especialy because
production demand for methyl tert-butyl ether is expected to continue to increase
in the coming years (Kirk Othmer, 1985).

For more information on concentrations of methyl tert-butyl ether in an area where
EPA requires motor vehicles to use reformulated gasoline, readers should refer to
the analyses for the Camden monitoring station in Section 7.2.

4.3  Annual Variations

Most of the compounds sampled at the three monitoring stations in southeast L ouisiana
during the 1997 UATMP were also sampled during the 1995 and 1996 programs, alowing an
analysis of yearly trends in concentrations of individua compounds. Comparing annual average
concentrations of the most prevalent compounds in this region across the different program years
can provide insight into how air quality has changed over this 3-year period. This section does
not consider annual variations for the least prevalent compounds, since thelr summary statistics

are highly uncertain due to the many nondetect observations.

Figures 4-4 and 4-5 show the annual average concentrations and their corresponding
confidence intervals for each of the most prevalent VOC and carbonyls (except for methyl ethyl
ketone, which was not measured during the 1995 UATMP and 1996 UATMP). For the most
prevalent compounds, average concentrations are expected to vary, to a certain extent, from one
program year to the next, but these changes do not necessarily represent a statistically significant
changein air quality. Section 3.3 explains that “significant” changes likely occur when the entire
95-percent confidence interval of an annua average concentration is higher or lower than that of
another year’'s average concentration. Statistically significant changesin air quality may result

from decreased or increased emissions, fluctuating meteorological conditions, and other factors.

When reading the following discussion of “annual” changes in average concentrations, it is

important to note that the UATMP year does not correspond with the calendar year. The
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UATMP year generally beginsin September and ends in August of the following calendar year.
Therefore, a significant portion of the data collected in agiven UATMP year actually represents

air quality during the following calendar year.

4.3.1 Annual Variations for VOC

Figure 4-4 shows how concentrations of the 14 most prevalent VOC changed at the three
monitoring stations in southeast L ouisiana between the 1995 UATMP and the 1997 UATMP.
The common trend among these VOC is that, for the mgjority of the most prevalent compounds,
there were no significant changes in average concentration from one year to the next. Further, no
compound exhibited a significant change in average concentration at all three monitoring stations
from the 1995 to the 1997 UATMPs. However, Figure 4-4 shows occasions on which significant
changes in average concentration occurred for compounds at one or two monitoring stations, but
not across al three stations. The following analysis describes the annual variations for different
subsets of VOC:

. BTEX compounds. The average air concentrations of benzene, toluene,
ethylbenzene, and the xylene isomers, as shown in Figure 4-4, did not change
significantly between the 1995 and 1997 UATMPs at any of the monitoring
stations in southeast Louisiana. Average concentrations of toluene decreased
dramatically between the 1995 and 1996 UATMP seasons at HALA (from 5.73to
0.77 ppbv); however, the lower bound of the 95-percent confidence interval for
the 1995 concentration was well below the lower bound of the 95-percent
confidence interval for the 1996 concentration. Thus, this change in magnitude
may smply be an artifact of basing annual average concentrations on limited
samples from a population (i.e., the 365 possible 24-hour average concentrations).
In addition to the insignificant changes for the entire BTEX compound group, the
average concentrations for benzene, ethylbenzene, and the xylene isomers were all
below 1.0 ppbv, so any yearly difference was not only statistically insignificant, but
also relatively small. These unchanging levelsimply that emissions of BTEX
compounds from nearby sources (e.g., cars and refineries) have also changed little
over the same time period.

. Halogenated hydrocarbons. Four of the most prevalent VOC—carbon
tetrachloride, chloromethane, methylene chloride, and 1,1,1-trichloroethane—are
halogenated hydrocarbons. Of these, Figure 4-4 shows that only ambient air
concentrations of chloromethane had changes that appeared to be statistically
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significant: chloromethane increased at GALA and HALA between the 1996 and
1997 UATMPs by 56 and 85 percent, respectively. On the other hand, average
concentrations at B2LA were relatively consistent throughout all three UATMPs.
The high chloromethane concentrations at GALA and HALA during the 1997
UATMP were within the upper level bound for the 1995 UATMP concentrations.
Therefore, it is difficult to determine the long-term trend of average concentrations
of this compound at these monitoring stations.

Though changes in ambient air concentrations of carbon tetrachloride, methylene
chloride, and 1,1,1-trichloroethane do not appear to be statistically significant,
some of the estimated annual average concentrations changed dramatically over
thelast 3years. (1) levels of methylene chloride at GALA during the 1997
UATMP were about five times higher than levels observed at the station
previoudly; (2) levels of methylene chloride at HALA during the 1996 and 1997
UATMP were over ten times less than they were during the 1995 program; and
(3) levels of 1,1,1-trichloroethane at GALA during the 1997 UATMP were over
ten times higher than they were during earlier programs. More sophisticated
statistical analyses should be performed and additional monitoring data collected
and reviewed to determine whether these notable changes are part of atrend over
the longer term.

Other compounds. The three other prevalent VOC (acetylene, propylene, and
n-octane) each exhibited different trends, even though all three are found, to a
certain extent, in emissions from the same types of combustion and industria
sources. Figure 4-4 indicates that average concentrations of acetylene decreased
significantly between the 1995 and 1996 UATMP seasons at B2LA. Average
concentrations at GALA decreased over 50 percent (from 2.69 to 1.15 ppbv) for
the same time period; however, the lower bound of the 95-percent confidence
interval for the 1995 average concentration extends well below the lower bound
for the 1996 average concentration. At HALA, average concentrations decreased
between the 1995 and 1997 UATMPs, but this change also does not appear to be
statistically significant. The exact reason (or reasons) for these annual variationsin
acetylene concentrations is not known.

Average concentrations for n-octane increased at all three monitoring stations in
southeast L ouisiana between the 1996 and 1997 UATMP seasons. However,
these increases were al less than 0.1 ppbv; the only significant increase was at
GALA, where the average concentration increased by over 100 percent. This
statistically significant increase probably results from severa different factors, like
increases in vehicular traffic and increases in emissions from oil refineries and other
industrial sources.
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Levels of airborne propylene at B2LA, GALA, and HALA did not show any
consistent or significant changes between the 1995 and 1997 UATMPs. Average
concentrations have steadily decreased at B2LA and steadily increased at HALA
over the three UATMPs, but these changes do not appear to be statistically
significant. At GALA, average concentrations were nearly identical during the
1995 and 1996 UATMPs and rose by nearly 50 percent between 1996 and 1997.
Review of the 1996 and 1997 TRI data, once available, may put these annual
variations for propylene into perspective.

4.3.2 Annual Variations for Carbonyls

Figure 4-5 shows how concentrations of the 10 most prevalent carbonyls have changed in
southeast Louisiana since the 1995 UATMP. For each of the prevaent adehydes (except
acrolein), there was a notable and statistically significant decrease in average concentration at all
three monitoring stations in southeast L ouisiana between the 1995 and 1996 UATMPs, followed
by an insignificant change in average concentration between 1996 and 1997. In fact, annual
average concentrations for these aldehydes decreased by roughly a factor of three at each
monitoring station from the 1995 to the 1996 UATMPs. It isdifficult to explain the dramatic
difference in aldehyde concentrations for these years. Though significant sources of carbonyls
include motor vehicle exhaust, combustion sources, and industrial processes, the average
concentrations of other compounds typically originating from these types of sources did not
exhibit asimilar, dramatic decrease between the 1995 and 1996 UATMP. Further research
should explore possible reasons for the notable decrease in carbonyl concentrations in southeast

Louisiana during this time.

Contrary to the annual variations observed for adehydes, the annual variations for acetone
(aketone) were not consistent across the three monitoring stations: levels were essentialy
unchanged at B2LA from the 1995 UATMP to the 1997 program; levels at GALA decreased by
almost afactor of three from the 1995 UATMP to the 1996 UATMP, and then were essentially
unchanged from the 1996 to the 1997 programs; and levels at HALA decreased by a factor of two
over the last 3 years, but this change may not be statistically significant. Since industrial facilities
are no longer required to report releases of acetone to TR, it is difficult to conclude what factors
account for the annual variations observed at B2LA, GALA, and HALA.
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4.4  Summary

Overdll, the last 3 years of UATMP monitoring data characterize levels of air pollution at
three locations along the Mississippi River in southeast Louisiana. Ambient air concentrations of
VOC and carbonyls at all three monitoring locations are expected to be influenced, to a certain
extent, by motor vehicle emissions, emissions from industrial sources (particularly large ail

refineries), and photochemical reactions.

Of the three monitoring stations in the area, geometric mean concentrations of most of the
prevalent VOC were highest at B2LA. The higher levels of some of these compounds at B2LA
(e.g., benzene, ethylbenzene, and toluene) appear to be caused by the high level of motor vehicle
traffic in the immediate vicinity of the monitoring station; the higher levels of other compounds at
B2LA (e.g., methyl ethyl ketone and styrene) likely result from nearby industrial emissions
sources. Industrial emissions sources also appear to account for the relatively higher
concentrations of 1,1,1-trichloroethane observed at the GALA monitoring station. Though
ambient air concentrations of most carbonyls differed among the three stations, the spatial
variations for carbonyls did not seem as pronounced as those for VOC. At al three stations,
acetaldehyde, acetone, and formal dehyde accounted for more than 80 percent of the total

carbonyls measured.

Improvements to the laboratory analytical method for VOC alowed the 1997 UATMP to
measure concentrations of nine compounds—all nitriles and oxygenated compounds—that
previous UATMPs could not measure. Of these nine compounds, two exhibited notable spatial
variations in southeast Louisiana: the geometric mean concentration of acetonitrile at B2LA was
over 100 times higher than those observed at GALA and HALA, and the geometric mean
concentration of methyl tert-butyl ether at B2L A was over three times higher than those observed
a GALA and HALA. The analysesin this section provide compelling evidence that industrial
emissions sources in the Baton Rouge area account for most, if not all, of the elevated
concentrations of acetonitrile and methy! tert-butyl ether at B2LA. The air quality trends for

these compounds are inconsistent with motor vehicle emissions being the predominant source.
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Annual measurements of VOC at B2LA, GALA, and HALA show avariety of trends;
however, no trend common to logica groupings of compounds is readily apparent. Therefore,
perhaps the most notable air quality trend for VOC at these stations is the absence of significant
annua variations. Annua measurements of carbonylsat B2LA, GALA, and HALA, however,
revealed a more consistent temporal trend than the VOC. Between the 1995 and 1996 UATMPs,
average concentrations of the most prevalent aldehydes (except for acrolein) had a notable and
statistically significant decrease. This decrease was followed by a similarly consistent, but
negligible, change in average concentrations between the 1996 and 1997 UATMPs. Without
detailed emissions data for the 3 years encompassing these UATMP seasons, it is difficult to
explain these annual trends. However, the fact that annual variations for many carbonyls are
similar at the three monitoring stations in southeast L ouisiana provides some evidence that air
quality trends for these compounds may be regional in nature. This hypothesis can be investigated

further by collecting and reviewing several more years of ambient air monitoring data in this area
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Figure 4-1

Baton Rouge, Louisiana (B2LA), Monitoring Station
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Figure 4-2
Garyville, Louisiana (GALA), Monitoring Station
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Figure 4-3
Hahnville, Louisiana (HALA), Monitoring Station
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Figure 4-4 (Page 1 of 13)
Annual Variations in Average Concentrations of the Most Prevalent VOC
at B2LA, GALA, and HALA
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Figure 4-4 (Page 2 of 13)

Annual Variations in Average Concentrations of the Most Prevalent VOC

at B2LA, GALA, and HALA
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Figure 4-4 (Page 3 of 13)

Annual Variations in Average Concentrations of the Most Prevalent VOC

at B2LA, GALA, and HALA
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Figure 4-4 (Page 4 of 13)

Annual Variations in Average Concentrations of the Most Prevalent VOC

at B2LA, GALA, and HALA
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Figure 4-4 (Page 5 of 13)
Annual Variations in Average Concentrations of the Most Prevalent VOC
at B2LA, GALA, and HALA
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Figure 4-4 (Page ol 13)
Annual Varlations in Average Concentrations of the Maost I'revalent ¥ 00
at BZLA, GALA, and HALA
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Figure 4-4 (Page 7 of 13)

Annual Variations in Average Concentrations of the Most Prevalent VOC

at B2LA, GALA, and HALA
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Figure 4-4 (Page 8 of 13)
Annual Variations in Average Concentrations of the Most Prevalent VOC
at B2LA, GALA, and HALA
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Figure 4-4 (Page ¥ of 13)
Annual Variations in Average Concentrations of the Most Prevalent VYOU
at BILA, GALA, and HALA
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Figure 4-4 | Page 10 af 13)
Annual Variations in Average Concentrations of the Most Prevalent YOG
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Fipure 4-4 (Page 11 of 13)
Anoual ¥ariations in Average Concenirations nf the Mast revalent ¥ O
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Figure 4-4 (Page 12 of 13)

Annual Variations in Average Concentrations of the Most Prevalent VOC

at B2LA, GALA, and HALA
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Figure 4-4 (Page 13 of 13)

Annual Variations in Average Concentrations of the Most Prevalent VOC

at B2LA, GALA, and HALA
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Figure 4-5 (Page 1 of 9)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls
at B2LA, GALA, and HALA
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Figure 4-5 (Page 2 of 9)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls
at B2LA, GALA, and HALA
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Figure 4-5 (Page 3 of 9)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls
at B2LA, GALA, and HALA
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Figure 4-5 (Page 4 of 9)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls
at B2LA, GALA, and HALA
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Note:  Every plot on this page is shown on a different scale; “error bars’ indicate the 95-percent confidence
interval of the average concentration.
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Annual Variations in Average Concentrations of the Most Prevalent Carbonyls

at B2LA, GALA, and HALA
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Note:  Every plot on this page is shown on a different scale; “error bars’ indicate the 95-percent confidence
interval of the average concentration.
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Annual Variations in Average Concentrations of the Most Prevalent Carbonyls
at B2LA, GALA, and HALA
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Annual Variations in Average Concentrations of the Most Prevalent Carbonyls

at B2LA, GALA, and HALA
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Annual Variations in Average Concentrations of the Most Prevalent Carbonyls

at B2LA, GALA, and HALA
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Note:  Every plot on this page is shown on a different scale; “error bars’ indicate the 95-percent confidence
interval of the average concentration.
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Figure 4-5 (Page 9 of 9)

Annual Variations in Average Concentrations of the Most Prevalent Carbonyls

at B2LA, GALA, and HALA
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Table 4-1
Completeness Data for the B2LA, GALA, and HALA Monitoring Stations

Monitoring Station

Parameter
Baton Rouge, Louisiana (B2LA) | Garyville, Louisiana (GALA) | Hahnville, Louisana (HALA)

Number of days when VOC
samples were collected 35 35 39
Number of dayswith valid
VOC samples 30 30 33
Completeness for VOC 86 % 86 % 85 %
Number of days when carbonyl
samples were collected 38 36 37
Number of dayswith valid
carbonyl samples 33 33 30
Completeness for carbonyls 87 % 92 % 81 %




Table 4-2
Summary Statistics for VOC Concentrations Measured at Baton Rouge, Louisiana (B2LA)
(Based on 30 Days with Valid Samples)

Qv

Comgroiﬂ?gc,igbi ent Range of Megsured Central Tendency <_)f Variahility in l\/_Ieasured
Air Concentrations M easured Concentrations Concentrations
Compound _ . .

Number | Frequency Lowest | Highest Median Arithmetic | Geometric Standgrd Coefficient of

of Non- of Mean Mean Deviation -

detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetonitrile 0 100% 6.16 402.00 98.60 139.50 86.86 122.63 0.88
Acetylene 0 100% 0.47 7.11 1.46 1.80 1.53 1.27 0.70
Acrylonitrile 30 0% ND ND 0.11 0.09 0.08 0.03 0.37
Benzene 0 100% 0.22 1.50 0.55 0.59 0.54 0.28 0.46
Bromochloromethane 30 0% ND ND 0.05 0.04 0.04 0.01 0.27
Bromaodichloromethane 30 0% ND ND 0.03 0.03 0.03 0.00 0.00
Bromoform 30 0% ND ND 0.08 0.07 0.07 0.01 0.09
Bromomethane 25 17% ND 0.05 0.07 0.06 0.05 0.02 0.38
1,3-Butadiene 8 73% ND 1.09 0.07 0.17 0.09 0.24 1.42
Carbon tetrachloride 0 100% 0.06 0.14 0.10 0.09 0.09 0.02 0.22
Chlorobenzene 30 0% ND ND 0.04 0.03 0.03 0.01 0.20
Chloroethane 28 7% ND 0.49 0.03 0.05 0.03 0.09 1.74
Chloroform 16 47% ND 1.64 0.03 0.14 0.06 0.31 2.15
Chloromethane 0 100% 0.27 0.95 0.63 0.61 0.58 0.16 0.27
Chloroprene 29 3% ND 0.38 0.05 0.05 0.04 0.06 121
Dibromochloromethane 30 0% ND ND 0.08 0.06 0.06 0.02 0.38
m-Dichlorobenzene 29 3% ND 0.03 0.08 0.07 0.07 0.01 0.22
0-Dichlorobenzene 29 3% ND 0.04 0.08 0.07 0.07 0.01 0.19

ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).




Table 4-2 (Continued)
Summary Statistics for VOC Concentrations Measured at Baton Rouge, Louisiana (B2LA)
(Based on 30 Days with Valid Samples)

Comgroiﬂ?gc,igbi ent Range of Megsured Central Tendency <_)f Variahility in l\/_Ieasured
Air Concentrations Measured Concentrations Concentrations
Compound _ . .

Number | Frequency Lowest | Highest Median Arithmetic | Geometric Standgrd Coefficient of

of Non- of Mean Mean Deviation -

detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
p-Dichlorobenzene 25 17% ND 0.08 0.07 0.06 0.05 0.02 0.27
1,1-Dichloroethane 30 0% ND ND 0.05 0.04 0.04 0.02 0.36
1,2-Dichloroethane 22 27% ND 0.44 0.03 0.08 0.05 0.09 1.20
trans-1,2-Dichloroethylene 30 0% ND ND 0.06 0.05 0.05 0.02 0.29
1,2-Dichloropropane 30 0% ND ND 0.02 0.03 0.02 0.01 0.42
cis-1,3-Dichloropropylene 30 0% ND ND 0.03 0.03 0.03 0.01 0.24

N trans-1,3-Dichloropropylene 30 0% ND ND 0.06 0.05 0.04 0.02 0.38
& || Ethyl acrylate 30 0% ND ND 0.05 0.04 0.04 0.01 0.30
Ethylbenzene 0 100% 0.12 0.59 0.26 0.26 0.25 0.10 0.39
Ethyl tert-butyl ether 30 0% ND ND 0.04 0.03 0.03 0.00 0.13
Methylene chloride 6 80% ND 0.47 0.14 0.15 0.12 0.09 0.64
Methyl ethyl ketone 3 90% ND 3.40 1.03 1.13 0.83 0.78 0.69
Methyl isobutyl ketone 25 17% ND 0.25 0.04 0.05 0.04 0.05 0.96
Methyl methacrylate 25 17% ND 0.17 0.04 0.05 0.04 0.04 0.79
Methyl tert-butyl ether 16 47% ND 1.64 0.03 0.13 0.05 0.30 231
n-Octane 2 93% ND 0.37 0.14 0.16 0.15 0.08 0.47
Propylene 0 100% 0.36 3.45 1.21 1.30 1.15 0.67 0.52
Styrene 0 100% 0.11 0.39 0.21 0.22 0.21 0.07 0.32
ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).



Table 4-2 (Continued)
Summary Statistics for VOC Concentrations Measured at Baton Rouge, Louisiana (B2LA)
(Based on 30 Days with Valid Samples)

Comgroiﬂ?gc,igbi ent Range of Megsured Central Tendency <_)f Variahility in l\/_Ieasured
Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency Lowest | Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
tert-Amyl methyl ether 29 3% ND 0.04 0.04 0.03 0.03 0.00 0.06
1,1,2,2-Tetrachloroethane 30 0% ND ND 0.09 0.07 0.06 0.03 0.36
Tetrachloroethylene 9 70% ND 0.18 0.05 0.07 0.05 0.04 0.64
Toluene 0 100% 0.39 2.55 0.93 0.99 0.90 0.47 0.48
1,1,1-Trichloroethane 0 100% 0.05 0.28 0.13 0.13 0.12 0.06 0.42
1,1,2-Trichloroethane 29 3% ND 0.17 0.06 0.05 0.04 0.03 0.57
N Trichloroethylene 22 27% ND 0.17 0.02 0.03 0.03 0.04 1.04
& || Vinyl chloride 20 33% ND 0.52 0.03 0.07 0.05 0.10 1.39
m,p-Xylene 0 100% 0.34 1.61 0.66 0.71 0.65 0.30 0.43
0-Xylene 0 100% 0.18 0.80 0.33 0.35 0.33 0.14 0.39
ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).
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Table 4-3

Summary Statistics for VOC Concentrations Measured at Garyville, Louisiana (GALA)
(Based on 30 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetonitrile 26 13% ND 30.53 0.29 1.33 0.26 5.22 3.93
Acetylene 0 100% 0.33 4.94 1.02 1.18 0.95 0.97 0.81
Acrylonitrile 30 0% ND ND 0.11 0.07 0.06 0.04 0.54
Benzene 0 100% 0.14 1.25 0.45 0.50 0.45 0.23 0.46
Bromochloromethane 30 0% ND ND 0.05 0.03 0.03 0.01 0.38
Bromaodichloromethane 30 0% ND ND 0.03 0.03 0.03 0.00 0.00
Bromoform 30 0% ND ND 0.08 0.07 0.07 0.01 0.11
Bromomethane 30 0% ND ND 0.07 0.05 0.04 0.03 0.54
1,3-Butadiene 15 50% ND 0.76 0.05 0.09 0.06 0.14 155
Carbon tetrachloride 2 93% ND 0.32 0.08 0.09 0.09 0.05 0.58
Chlorobenzene 30 0% ND ND 0.04 0.03 0.03 0.01 0.27
Chloroethane 30 0% ND ND 0.03 0.03 0.03 0.00 0.00
Chloroform 28 7% ND 0.06 0.03 0.03 0.03 0.01 0.29
Chloromethane 0 100% 0.30 4.01 0.89 1.07 0.89 0.75 0.70
Chloroprene 20 33% ND 2.94 0.05 0.39 0.09 0.71 1.83
Dibromochloromethane 30 0% ND ND 0.08 0.05 0.04 0.03 0.57
m-Dichlorobenzene 29 3% ND 0.04 0.06 0.06 0.06 0.02 0.26
0-Dichlorobenzene 30 0% ND ND 0.08 0.07 0.06 0.02 0.23

ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).
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Table 4-3 (Continued)
Summary Statistics for VOC Concentrations Measured at Garyville, Louisiana (GALA)
(Based on 30 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
p-Dichlorobenzene 23 23% ND 0.04 0.04 0.05 0.04 0.02 0.32
1,1-Dichloroethane 28 7% ND 0.02 0.05 0.03 0.03 0.02 0.53
1,2-Dichloroethane 29 3% ND 0.09 0.03 0.04 0.04 0.01 0.30
trans-1,2-Dichloroethylene 30 0% ND ND 0.06 0.04 0.04 0.02 0.41
1,2-Dichloropropane 30 0% ND ND 0.02 0.03 0.03 0.01 0.40
cis-1,3-Dichloropropylene 30 0% ND ND 0.03 0.02 0.02 0.01 0.33
trans-1,3-Dichloropropylene 30 0% ND ND 0.06 0.04 0.03 0.02 0.56
Ethyl acrylate 30 0% ND ND 0.05 0.04 0.03 0.02 0.42
Ethylbenzene 0 100% 0.04 0.38 0.13 0.15 0.13 0.08 0.54
Ethyl tert-butyl ether 30 0% ND ND 0.04 0.03 0.03 0.01 0.17
Methylene chloride 11 63% ND 7.16 0.06 0.48 0.12 1.39 2.89
Methyl ethyl ketone 2 93% ND 33.33 0.62 1.79 0.60 5.97 3.33
Methyl isobutyl ketone 29 3% ND 0.11 0.04 0.04 0.04 0.01 0.35
Methyl methacrylate 30 0% ND ND 0.04 0.03 0.03 0.00 0.08
Methy! tert-butyl ether 28 7% ND 0.11 0.03 0.03 0.02 0.02 0.70
n-Octane 6 80% ND 0.70 0.12 0.15 0.11 0.12 0.85
Propylene 0 100% 0.24 2.41 0.83 0.91 0.79 0.48 0.53
Styrene 12 60% ND 0.17 0.06 0.07 0.06 0.03 0.50
ND = Nondetect
Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).




Table 4-3 (Continued)
Summary Statistics for VOC Concentrations Measured at Garyville, Louisiana (GALA)
(Based on 30 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
. . Concentrations Measured Concentrations Concentrations
Ambient Air
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of (ppbv) (ppbv) (ppbv) Mean Mean Deviation Variation
detects | Detections | ‘PP P P (ppbv) (ppbv) (ppbv)
tert-Amyl methyl ether 30 0% ND ND 0.04 0.03 0.03 0.00 0.08
1,1,2,2-Tetrachloroethane 30 0% ND ND 0.09 0.06 0.05 0.03 0.53
Tetrachloroethylene 24 20% ND 0.08 0.05 0.07 0.06 0.03 0.45
Toluene 0 100% 0.22 10.23 0.70 1.18 0.78 1.82 1.54
1,1,1-Trichloroethane 0 100% 0.05 138.76 0.23 6.94 0.33 26.98 3.89
1,1,2-Trichloroethane 30 0% ND ND 0.06 0.04 0.03 0.02 0.56
N Trichloroethylene 29 3% ND 0.13 0.03 0.03 0.03 0.02 0.70
& [ Vinyl chloride 29 3% ND 0.21 0.03 0.04 0.03 0.03 0.83
m,p-Xylene 0 100% 0.10 1.06 0.36 0.40 0.34 0.24 0.60
0-Xylene 1 97% ND 0.52 0.17 0.21 0.17 0.13 0.60
ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).
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Table 4-4

Summary Statistics for VOC Concentrations Measured at Hahnville, Louisiana (HALA)
(Based on 33 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetonitrile 27 18% ND 6.54 0.29 0.66 0.27 1.29 1.94
Acetylene 0 100% 0.14 3.62 0.81 0.98 0.81 0.58 0.59
Acrylonitrile 25 24% ND 3.07 0.11 0.35 0.13 0.65 1.88
Benzene 0 100% 0.07 1.21 0.45 0.50 0.40 0.29 0.58
Bromochloromethane 33 0% ND ND 0.05 0.03 0.03 0.01 0.38
Bromaodichloromethane 33 0% ND ND 0.03 0.03 0.03 0.00 0.00
Bromoform 33 0% ND ND 0.08 0.07 0.07 0.01 0.11
Bromomethane 32 3% ND 0.06 0.07 0.05 0.04 0.03 0.53
1,3-Butadiene 19 42% ND 0.36 0.05 0.08 0.05 0.08 1.09
Carbon tetrachloride 4 88% ND 0.29 0.08 0.09 0.08 0.05 0.59
Chlorobenzene 33 0% ND ND 0.04 0.03 0.03 0.01 0.27
Chloroethane 33 0% ND ND 0.03 0.03 0.03 0.00 0.00
Chloroform 31 6% ND 0.10 0.03 0.03 0.03 0.01 0.51
Chloromethane 1 97% ND 4.97 0.83 1.13 0.78 1.01 0.89
Chloroprene 28 15% ND 0.93 0.05 0.09 0.04 0.18 191
Dibromochloromethane 33 0% ND ND 0.08 0.05 0.04 0.03 0.56
m-Dichlorobenzene 33 0% ND ND 0.08 0.06 0.06 0.02 0.25
0-Dichlorobenzene 33 0% ND ND 0.08 0.07 0.06 0.02 0.23

ND = Nondetect
Note:

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).

Data for compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
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Table 4-4 (Continued)
Summary Statistics for VOC Concentrations Measured at Hahnville, Louisiana (HALA)
(Based on 33 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
p-Dichlorobenzene 29 12% ND 0.03 0.04 0.05 0.05 0.02 0.32
1,1-Dichloroethane 32 3% ND 0.01 0.05 0.03 0.03 0.02 0.52
1,2-Dichloroethane 29 12% ND 0.16 0.03 0.04 0.04 0.02 0.60
trans-1,2-Dichloroethylene 33 0% ND ND 0.06 0.04 0.04 0.02 0.40
1,2-Dichloropropane 33 0% ND ND 0.02 0.03 0.03 0.01 0.40
cis-1,3-Dichloropropylene 33 0% ND ND 0.03 0.02 0.02 0.01 0.33
trans-1,3-Dichloropropylene 33 0% ND ND 0.06 0.04 0.03 0.02 0.55
Ethyl acrylate 33 0% ND ND 0.05 0.04 0.03 0.02 0.42
Ethylbenzene 2 94% ND 0.56 0.13 0.15 0.13 0.10 0.67
Ethyl tert-butyl ether 32 3% ND 0.81 0.04 0.05 0.03 0.14 252
Methylene chloride 15 55% ND 1.97 0.05 0.12 0.07 0.25 2.11
Methyl ethyl ketone 7 79% ND 3.86 0.58 0.74 0.38 0.79 1.08
Methyl isobutyl ketone 33 0% ND ND 0.04 0.04 0.04 0.00 0.00
Methyl methacrylate 32 3% ND 0.27 0.04 0.04 0.03 0.04 1.03
Methy! tert-butyl ether 28 15% ND 0.24 0.03 0.04 0.03 0.05 121
n-Octane 3 91% ND 1.36 0.13 0.20 0.14 0.27 1.33
Propylene 0 100% 0.24 8.04 0.93 1.52 1.05 1.80 1.19
Styrene 9 73% ND 0.35 0.05 0.06 0.05 0.06 0.90
ND = Nondetect
Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).




Table 4-4 (Continued)
Summary Statistics for VOC Concentrations Measured at Hahnville, Louisiana (HALA)
(Based on 33 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
. . Concentrations Measured Concentrations Concentrations
Ambient Air
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of (ppbv) (ppbv) (ppbv) Mean Mean Deviation Variation
detects | Detections | ‘PP P P (ppbv) (ppbv) (ppbv)
tert-Amyl methyl ether 33 0% ND ND 0.04 0.03 0.03 0.00 0.08
1,1,2,2-Tetrachloroethane 33 0% ND ND 0.09 0.06 0.05 0.03 0.53
Tetrachloroethylene 25 24% ND 0.15 0.05 0.07 0.06 0.03 0.48
Toluene 0 100% 0.21 3.29 0.75 0.90 0.73 0.69 0.76
1,1,1-Trichloroethane 1 97% ND 1.03 0.10 0.17 0.11 0.22 1.32
1,1,2-Trichloroethane 33 0% ND ND 0.06 0.04 0.03 0.02 0.55
N Trichloroethylene 32 3% ND 0.08 0.02 0.03 0.02 0.01 0.42
93| Vinyl chloride 32 3% ND 0.11 0.03 0.03 0.03 0.01 0.41
m,p-Xylene 0 100% 0.11 1.51 0.35 0.40 0.33 0.29 0.72
0-Xylene 1 97% ND 0.75 0.19 0.20 0.16 0.14 0.69
ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).



Geometric Mean Concentrations for the Most Prevalent VOC

Table 4-5

at B2LA, GALA, and HALA

Geometric Mean Concentration (ppbv), by Monitoring Station

Compound

B2LA GALA HALA
Acetylene 1.53 0.95 0.81
Benzene 0.54 0.45 0.40
Carbon tetrachloride 0.09 0.09 0.08
Chloromethane 0.58 0.89 0.78
Ethylbenzene 0.25 0.13 0.13
Methylene chloride 0.12 0.12 0.07
Methyl ethyl ketone 0.83 0.60 0.38
n-Octane 0.15 0.11 0.14
Propylene 1.15 0.79 1.05
Styrene 0.21 0.06 0.05
Toluene 0.90 0.78 0.73
1,1,1-Trichloroethane 0.12 0.33 0.11
m,p-Xylene 0.65 0.34 0.33
0-Xylene 0.33 0.17 0.16




Table 4-6
Summary Statistics for Carbonyl Concentrations Measured at Baton Rouge, Louisiana (B2LA)

(Based on 33 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetaldehyde 0 100% 0.02 1.90 0.70 0.75 0.63 0.38 0.51
Acetone 1 97% ND 2.04 1.02 0.96 0.61 0.60 0.62
Acrolein 3 91% ND 0.22 0.02 0.03 0.02 0.04 1.34
Benzaldehyde 5 85% ND 0.07 0.02 0.02 0.01 0.02 0.80
Butyr/Isobutyraldehyde 1 97% ND 0.31 0.10 0.12 0.10 0.07 0.54
Crotonaldehyde 24 27% ND 0.03 0.00 0.01 0.00 0.01 131
2,5-Dimethylbenzaldehyde 32 3% ND 0.02 0.00 0.00 0.00 0.00 1.10
Formaldehyde 0 100% 0.02 8.08 1.46 1.83 1.39 1.45 0.79
Hexanaldehyde 1 97% ND 0.19 0.02 0.04 0.03 0.04 0.98
|sovaleraldehyde 19 42% ND 0.03 0.01 0.01 0.01 0.01 0.78
Propionaldehyde 1 97% ND 0.28 0.08 0.10 0.08 0.06 0.60
Tolualdehydes 21 36% ND 0.07 0.00 0.02 0.01 0.02 1.19
Valeraldehyde 2 94% ND 0.09 0.02 0.03 0.02 0.02 0.78
ND = Nondetect
Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).




Table 4-7
Summary Statistics for Carbonyl Concentrations Measured at Garyville, Louisiana (GALA)

(Based on 33 Days with Valid Samples)

&

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetaldehyde 0 100% 0.53 1.78 0.81 0.95 0.89 0.36 0.38
Acetone 0 100% 0.14 4.44 0.50 0.87 0.60 0.92 1.05
Acrolein 0 100% 0.01 0.07 0.03 0.03 0.03 0.01 0.44
Benzaldehyde 6 82% ND 0.15 0.03 0.04 0.02 0.03 0.86
Butyr/Isobutyraldehyde 0 100% 0.08 0.36 0.17 0.18 0.17 0.08 0.43
Crotonaldehyde 28 15% ND 0.22 0.00 0.01 0.00 0.04 3.48
2,5-Dimethylbenzaldehyde 21 36% ND 0.04 0.00 0.01 0.01 0.01 1.13
Formaldehyde 0 100% 0.99 4.78 2.09 2.30 2.12 0.96 0.42
Hexanaldehyde 0 100% 0.04 1.02 0.09 0.15 0.10 0.19 1.30
Isovaleraldehyde 6 82% ND 0.11 0.02 0.03 0.02 0.02 0.93
Propionaldehyde 0 100% 0.09 0.39 0.18 0.20 0.19 0.08 0.38
Tolualdehydes 6 82% ND 0.14 0.03 0.03 0.02 0.03 0.85
Valeraldehyde 0 100% 0.02 0.36 0.16 0.17 0.15 0.09 0.50
ND = Nondetect
Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).




Table 4-8
Summary Statistics for Carbonyl Concentrations Measured at Hahnville, Louisiana (HALA)

(Based on 30 Days with Valid Samples)

9

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetaldehyde 0 100% 0.04 3.95 1.01 1.15 0.79 0.87 0.75
Acetone 0 100% 0.07 2.77 0.57 0.85 0.52 0.75 0.88
Acrolein 1 97% ND 0.14 0.03 0.04 0.03 0.03 0.78
Benzaldehyde 1 97% ND 0.39 0.03 0.05 0.03 0.08 1.61
Butyr/Isobutyraldehyde 0 100% 0.02 1.34 0.20 0.23 0.16 0.24 1.06
Crotonaldehyde 26 13% ND 0.06 0.00 0.01 0.00 0.01 1.63
2,5-Dimethylbenzaldehyde 29 3% ND 0.03 0.00 0.00 0.00 0.01 1.40
Formaldehyde 0 100% 0.70 27.63 2.05 3.46 2.16 5.58 1.61
Hexanaldehyde 0 100% 0.02 4.78 0.07 0.29 0.08 0.88 3.08
Isovaleraldehyde 6 80% ND 0.62 0.01 0.04 0.01 0.11 2.86
Propionaldehyde 0 100% 0.01 0.51 0.15 0.17 0.13 0.10 0.63
Tolualdehydes 10 67% ND 0.21 0.02 0.04 0.02 0.04 1.14
Valeraldehyde 0 100% 0.01 1.30 0.07 0.15 0.08 0.25 1.68
ND = Nondetect
Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).




Table 4-9

Geometric Mean Concentrations for the Most Prevalent Carbonyls
at B2LA, GALA, and HALA

Geometric Mean Concentration (ppbv), by Monitoring Station

Compound
B2LA GALA HALA
Acetaldehyde 0.63 0.89 0.79
Acetone 0.61 0.60 0.52
Acrolein 0.02 0.03 0.03
Benzaldehyde 0.01 0.02 0.03
Butyr/Isobutyraldehyde 0.10 0.17 0.16
Formaldehyde 1.39 212 2.16
Hexanaldehyde 0.03 0.10 0.08
Propionaldehyde 0.08 0.19 0.13
Valeradehyde 0.02 0.15 0.08
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5.0 Monitoring Results for Brattleboro, VT (BRVT)

This section summarizes ambient air monitoring data collected at the Brattleboro,
Vermont (BRVT), monitoring station during the 1995, 1996, and 1997 UATMPs. Brattleborois
asmall city located in avalley in southern Vermont. As Figure 5-1 shows, the monitoring station
is located north of town in a vacant lot, next to a Farm & Garden Center (astore). Thesiteisina
lightly industrial area. Except for Interstate highway 91 and U.S. highway 5, which both pass
within 1 mile of the monitoring station, few heavily traveled roadways are in the immediate
vicinity of BRVT. During the 1997 UATMP, the monitors at BRVT attempted to collect air
samples on 32 days. Valid VOC samples were collected on 31 days, and valid carbonyl samples
on 29 days. Thus, the completeness of the VOC and carbonyl sampling at BRVT was 97 percent
and 91 percent, respectively.

The remainder of this section is divided into four parts. Section 5.1 summarizes the 1997
UATMP monitoring data collected at BRVT; Section 5.2 analyzes ambient air concentrations of
selected nitriles and oxygenated compounds; Section 5.3 describes how concentrations of certain
compounds have changed since the 1995 UATMP; and Section 5.4 briefly summarizes the most
notable findings of the preceding subsections.

51 Data Summary Parameters for the 1997 UATMP

Using the data summary parameters defined in Section 3.1, Tables 5-1 and 5-2 summarize
the data collected in Brattleboro, Vermont, during the 1997 UATMP. Table 5-1 presents data for
VOC,; Table 5-2 presents data for carbonyls. To facilitate comparisons between monitoring data

from earlier UATMPs, the format used in these tables is the same as that used in previous reports.

5.1.1 Data Summary of VOC
The summary statistics in Table 5-1 reveal the following notable patterns among ambient

ar concentrations of VOC at Brattleboro, Vermont:



Prevalence. According to Table 5-1, 18 of the 47 compounds that the VOC
analytical method could identify were detected in more than half of the samples
collected at BRVT. These compounds are: acetylene, benzene, 1,3-butadiene,
carbon tetrachloride, chloromethane, ethylbenzene, methylene chloride, methyl
ethyl ketone, methyl tert-butyl ether, n-octane, propylene, styrene,
tetrachloroethylene, toluene, 1,1,1-trichloroethane, m,p-xylene, and o-xylene.

Due to the frequent detections, summary statistics for these compounds are |east
affected by nondetect observations, which are replaced in the UATMP database
with an estimated concentration of one-half the detection limit. Therefore, most of
the discussion in this section focuses on the 18 most prevaent compounds.
However, it should not be inferred that the VOC detected in fewer than half the
samples are not present in ambient air at BRVT. They may be present at varying
levels or consistently present at concentrations the VOC analytical method cannot
measure. In ether case, statistically meaningful air quality trends cannot be
calculated for these compounds because of the high number of nondetects.

Concentration Range. According to the concentration range datain Table 5-1,
most VOC at BRVT never had 24-hour average concentrations greater than 1.0
ppbv. The exceptions are acetylene, methyl ethyl ketone, propylene, and toluene.
Even for these compounds, the highest concentrations measured at BRVT are
relatively modest compared to those measured at other monitoring stations.
Ambient air concentrations of VOC at BRVT never reached 5.0 ppbv during the
1997 UATMP. Because samples were collected roughly biweekly, however, it is
likely that concentrations of certain compounds reached levels higher than those
shown in Table 5-1 on days when samples were not collected. Therefore, the
concentration ranges in Table 5-1 only estimate the actual span of concentrations
at BRVT.

Central Tendency. Of the compounds shown in Table 5-1, only those shown in
boldface were detected in more than half of the VOC samples. Centra tendency
values for al other compounds should be interpreted with caution, because these
compounds higher frequency of nondetects probably biased the central tendency
calculations. Of the 18 compounds detected in more than half of the samples, the
highest geometric mean concentrations were observed for acetylene (1.38 ppbv),
propylene (0.75 ppbv), and toluene (0.95 ppbv). Geometric mean concentrations
for al other VOC at BRVT were less than 0.50 ppbv.

The graphs in Figure 3-1, which compare geometric mean concentrations observed
at the 12 different UATMP monitoring stations, show that airborne levels of all but
two VOC were not unusually higher or lower at BRVT than at the other
monitoring stations. Asthe first exception, the BRVT monitoring station had the
second highest geometric mean concentration of methylene chloride of the 1997
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UATMP monitoring stations. The final report for the 1996 UATMP suggested
that emissions from nearby industrial sources most likely accounted for the
relatively high levels of methylene chloride at this station. According to TRI, an
industria facility in Brattleboro emitted 6,044 pounds of methylene chloride to the
air in 1995, but it is not known how much this facility emitted during the 1997
UATMP. Asthe second exception, while geometric mean concentrations of
methyl tert-butyl ether were less than 0.05 ppbv at most monitoring stations, the
geometric mean concentration of this compound at Brattleboro (and at two other
citiesin Vermont) was greater than 0.15 ppbv. Section 5.2 identifies the most
likely source of methyl tert-butyl ether in the Brattleboro air.

Note: When interpreting the graphsin Figure 3-1, it isimportant to understand
that the 1997 UATMP characterized air quality in avery small subset of
urban areas in the United States and only at discrete locations within these
areas. Sincelevelsof air pollution vary significantly within cities, the figure
should be interpreted as indicating ambient air concentrations specifically at
the BRVT monitoring station. These concentrations may be dramatically
different from those at other locations in Brattleboro.

. Variability. The coefficients of variation for all of the most prevalent VOC were
less than 1.0, suggesting that ambient air concentrations of these compounds have
comparable variability (i.e., concentration changes from one sampling date to the
next are relatively smilar for different VOC). Of the most prevalent VOC at
Brattleboro, however, methylene chloride exhibited the greatest variability. The
more variable concentrations of this compound are consistent with the assumption
that methylene chloride was emitted primarily from sources at discrete locationsin
Brattleboro (e.g., industrial facilities), since the air monitor would probably detect
the compound only when it was downwind from the emissions sources.

Section 5.2, which analyzes the air monitoring data for selected nitriles and oxygenated
compounds, and Section 5.3, which evaluates how average concentrations of selected compounds
have changed at BRVT since the 1995 UATMP, discuss air quality trends for VOC at Brattleboro
in greater detail.

5.1.2 Data Summary of Carbonyls
Table 5-2 characterizes the ambient air monitoring data for carbonyls at BRVT as

follows:



Prevalence. Only two carbonyls (crotonal dehyde and 2,5-dimethylbenzal dehyde)
were detected in fewer than half of the samples collected at BRVT. Therefore,
summary statistics for all but these two carbonyls are expected to represent actual
air quality trends in the Brattleboro area.

Concentration Range. Only three carbonyls (acetaldehyde, acetone, and
formaldehyde) had at least one 24-hour average concentration at BRVT greater
than 1.0 ppbv during the 1997 UATMP, and no carbonyl was detected above 5.0
ppbv. As stated earlier, the concentration ranges shown in Table 5-2 only estimate
the actual ranges, because concentrations may have reached higher and lower
levels on days when sampling did not occur.

Central Tendency. Of the 14 most prevalent carbonyls, geometric mean
concentrations were highest for formaldehyde (1.81 ppbv), acetone (1.18 ppbv),
and acetaldehyde (0.82 ppbv). These levels were all over six times greater than the
next highest geometric mean concentration at this site (butyr/isobutyraldehyde,
0.12 ppbv). Therefore, ambient air concentrations of acetaldehyde, acetone, and
formaldehyde account for alarge portion of carbonylsin ambient air at

Brattleboro.

Figure 3-2, which compares geometric mean concentrations of the most prevalent
carbonyls across al 12 monitoring stations, indicates that geometric mean
concentrations at Brattleboro were about average compared to those measured at
other monitoring stations. The geometric mean concentration of acetone at
Brattleboro, however, was third highest among those at the 1997 UATMP
monitoring stations. Other monitoring stationsin Vermont also had relatively high
geometric mean concentrations of acetone, but these concentrations were
marginally lower than that at BRVT. The final report for the 1996 UATMP
hypothesized that the relatively high levels of acetone in Vermont are due in part
to both motor vehicle emissions and relatively weak photochemical reactivity
during Vermont’ s short summer season.

Note: As noted above, when reviewing the graphsin Figure 3-2, it isimportant to
understand that the 1997 UATMP characterized air quality in a very small
subset of urban areas in the United States and only at discrete locations
within these areas. The information in Figure 3-2 should be interpreted
accordingly.

Variability. The coefficients of variation for the 14 most prevaent carbonyls at
BRVT were dl lessthan 1.0—a similarity suggesting that ambient air
concentrations of these compounds have comparable variability. The relatively
low coefficients of variation also suggest that carbonyls are consistently found in
the Brattleboro air, regardless of changing wind directions. Thistrend is
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consistent with assumptions that carbonyls in the area possibly originated from
many different emissions sources or as the product of photochemical reactions.

For further information on air quality trends for selected carbonyls, readers should refer to
Section 5.3, which discusses annual variationsin ambient air concentrations at BRVT, and to
Section 12.1, which reviews carbonyl monitoring data from all 12 monitoring stations that
participated in the 1997 UATMP.

5.2  Analyses and Interpretations for Nitriles and Oxygenated Compounds

As Section 2.2.1 described, the VOC analytical method used during the 1997 UATMP
was capable of detecting nine compounds (al nitriles and oxygenated compounds) that could not
be detected in earlier UATMPs. Most of these compounds were rarely detected at BRVT, except
for methyl ethyl ketone and methyl tert-butyl ether. Detailed analyses of the ambient air

monitoring data for the entire group of compounds follow:

. Compounds that were rarely, if ever, detected. Of the nine nitriles and oxygenated
compounds measured during the 1997 UATMP, six—acetonitrile, ethyl acrylate,
ethyl tert-butyl ether, methyl isobutyl ketone, methyl methacrylate, and tert-amyl
methyl ether—were never detected at BRVT, and one—acrylonitrile—was
detected twice at this station. Not surprisingly, no industrial facilitiesin the
vicinity of the BRVT monitoring station reported air releases of these seven
compounds to the 1995 TRI. (Note: Facilities currently are not required to report
releases of either ethyl tert-butyl ether or tert-amyl methyl ether to TRI.) Thus,
few conclusions can be drawn about this subset of nitriles and oxygenated
compounds, except that they consistently are not found at detectable levelsin
ambient air near the BRVT monitoring station.

. Methyl ethyl ketone. The geometric mean concentration of methyl ethyl ketone,
which was detected during 28 sampling events, was 0.40 ppbv. Geometric mean
concentrations of this compound at most of the other monitoring stations that
participated in the 1997 UATMP were higher than thislevel. Even though methyl
ethyl ketone has been found in motor vehicle exhaust, there is strong evidence that
motor vehicles are not the predominant sources of methyl ethyl ketone at BRVT:
concentrations of the compound were found to be weakly correlated, if not
completely uncorrelated, with concentrations of compounds that are found
primarily in motor vehicle exhaust (e.g., benzene, ethylbenzene, toluene, and the
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xylene isomers). Industrial emissions sources, on the other hand, probably account
for asignificant fraction of the levels of methyl ethyl ketone observed at BRVT
(and at the other UATMP monitoring stations). However, according to the 1995
TRI, only one facility within 10 miles of the Brattleboro monitoring station
reported releasing the compound, and that facility reported emitting less than
1,000 pounds of the compound to the air. This finding does not necessarily
contradict the hypothesis that methyl ethyl ketone originated primarily from
industrial sources, since not al industrial facilities are required to report chemical
releasesto TRI. Anayses of more recent TRI data, once available, and of local
emissions inventories may identify other sources of methyl ethyl ketone in the area.

Concentrations of methyl ethyl ketone at most of the monitoring stations tended to
be higher during the warmer summer months than during other months of the year.
Consistent with this observation, the average concentration measured at
Brattleboro from September 1997 to May 1998 (0.41 ppbv) was almost 40 percent
lower than the average concentration measured between June and August of 1998
(0.65 ppbv). The higher concentrations during the warmer summer months may
result from many factors, including greater evaporative losses of methyl ethyl
ketone from industrial sources, seasona changes in photochemical reactivity, and
seasona changes in prevailing wind patterns. Further study is needed to assess the
extent to which these factors affect ambient air concentrations of methyl ethyl
ketone in the Brattleboro area.

Methyl tert-butyl ether. As Section 3.2 explained, methy! tert-butyl ether is added
to gasoline in some states to reduce emissions of toxic chemicals from motor
vehicles. Section 6.2 provides compelling evidence that the levels of methyl tert-
butyl ether at the Vermont monitoring stations originate from the use of
reformulated gasolines, even though Vermont does not require gas stations to sell
reformulated fuels. Nonetheless, a small fraction of gasoline stations in the state
are known to receive reformulated gasoline from their distributors (Scranton,
1999). Further, some motor vehicles operating in the state may run on fuel
purchased in Massachusetts or other states that require motor vehicles to use only
reformulated fuels.

Since Brattleboro is within 10 miles of Massachusetts, it is possible that some
methyl tert-butyl ether at BRVT may originate from emissions from motor vehicles
traveling in the state of Massachusetts. However, the analysesin Section 6.2
suggest that the levels of methyl tert-butyl ether observed in other Vermont cities
are likely not affected by transport of emissions from other states. A detailed
inventory of the types of fuels sold at Brattleboro gas stations would help
determine the extent to which local emissions and long-range transport of
emissions affect levels of methyl tert-butyl ether at BRVT.



For information on concentrations of methyl tert-butyl ether observed in an area
where EPA requires all motor vehicles to use reformulated gasoline, readers
should refer to the analyses for the Camden monitoring station in Section 7.2.

5.3  Annual Variations

Most of the compounds sampled for at BRVT during the 1997 UATMP were aso
sampled for during the 1995 and 1996 programs, allowing an anaysis of annual trendsin levels of
air pollution. A complete set of monitoring data were not collected at BRV T during the 1995
UATMP. More specifically, valid VOC samples were collected on only four dates during the
1995 program, so representative annual average concentrations for that year are not available.
Valid carbonyl samples, on the other hand, were collected on 13 dates during the 1995 program,
but only between March and August of that year. This section considers the annual average
concentrations of carbonyls for the 1995 UATMP, but these concentrations may be biased by

seasona changesin air quality.

Annual average concentrations of most air pollutants change, to a certain extent, from one
year to the next, but these changes are not always statistically significant. As Section 3.3
explained, this report considers “significant” changes to occur only when the entire 95-percent
confidence interval of an annual average concentration is higher or lower than that of another
UATMPyear. Statistically significant changesin air quality can occur for many different reasons,

including changing emission rates from selected sources and changing meteorological conditions.

Figures 5-2 and 5-3 show how annual average concentrations (and corresponding
confidence intervals) of the most prevalent VOC and carbonyls changed at BRV T during the last
three UATMPs. Dueto the effect of many nondetect observations on calculations of central
tendency, this section does not consider annual variations for compounds detected in fewer than
half of the samples collected during the 1997 UATMP.

When considering the following discussion of “annual” changes in average concentrations,

it isimportant to note that the UATMP year does not correspond with the calendar year. The
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UATMP year generally beginsin September and ends in August of the following calendar year.
Thus, a significant portion of the data reported for a given UATMP program year is actually

collected during the following calendar year.

5.3.1 Annual Variations for VOC

According to Figure 5-2, average concentrations of ailmost all VOC did not change
significantly from the 1996 to the 1997 UATMP. The exception was acetylene, for which the
annual average concentration decreased by more than 40 percent over that period. More detailed

analyses of the annual variations for different groups of compounds follow:

. BTEX compounds. The average concentration of benzene, ethylbenzene, toluene,
and the xylene isomers—a group of compounds that is emitted primarily from
mobile sources—either decreased dightly or did not change between the 1996 and
1997 program years. None of the averages decreased by more than 25 percent and
no decrease appears to be statistically significant. The absence of notable annual
variations suggests that local traffic patterns and motor vehicle fuels used in the
Brattleboro area did not change significantly between the 1996 and 1997
UATMPs, but it is not certain whether these hypotheses are true.

. Halogenated hydrocarbons. Of the most prevalent VOC, five are halogenated
hydrocarbons: carbon tetrachloride, chloromethane, methylene chloride,
tetrachloroethylene, and 1,1,1-trichloroethane. Annual variations for these
compounds are considered separately from those for the BTEX compounds, since
previous UATMP reports have indicated that airborne halogenated hydrocarbons
do not appear to originate from mobile source emissions. As Figure 5-3 shows,
average concentrations of four of these compounds (carbon tetrachloride,
chloromethane, tetrachloroethylene, and 1,1,1-trichloroethane) at BRVT changed
by less than 0.05 ppbv from the 1996 to 1997 UATMPs. Besides the fact that
none of these changes appear to be statistically significant, thislevel of changeis
too small to warrant discussion of potential causal factors.

The average concentration of methylene chloride, in contrast, fell from 0.77 ppbv
to 0.41 ppbv from the 1996 UATMP to the 1997 UATMP—a decline of almost 50
percent. Since the 95-percent confidence intervals of the average concentrationsin
program years 1996 and 1997 overlap, it is not clear whether the apparent decline
in concentrations is statistically significant. As noted previoudly, local industrial
sources (including one that reportedly emitted 6,044 pounds of the compound to
the air in 1995) probably account for the levels of methylene chloride observed at
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BRVT. Since TRI data are not available for 1996, 1997, or 1998, the effect of
changing emissions from industrial sources on ambient air concentrations of
methylene chloride cannot be evaluated. Further research is encouraged to
determine why concentrations of methylene chloride decreased at this station, and
further monitoring is encouraged to confirm whether the decreasing concentrations
were anomalous or part of along term trend.

Other compounds. Of the five remaining prevalent VOC, ambient air
concentrations for four changed little from the 1996 to 1997 programs and the
changes did not appear to be statistically significant: the average concentrations of
1,3-butadiene, n-octane, and styrene changed by 0.03 ppbv or less from program
year 1996 to the following year; and the average concentration of propylene fell by
agreater amount (from 0.90 ppbv to 0.79 ppbv), but this change amounted to only
a 12-percent decrease.

Only one of the five remaining V OC—acetylene—changed significantly over time:
the average concentration was 2.60 ppbv during the 1996 UATMP, and 1.52
ppbv the next year—a decline of over 40 percent. The annual variations for
acetylene at BRVT differ from those for the BTEX compounds, even though
motor vehicle emissions reportedly account for alarge fraction of airborne
acetylene and BTEX compounds in urban environments. Ambient air
concentrations of acetylene decreased by 30-50 percent between the 1996 and
1997 programs at all five UATMP monitoring stationsin Vermont. Though the
similar trends at these different locations suggest that regional factors (e.g.,
photochemical reactions, long-range transport of emissions) might have a
significant impact on ambient levels of acetylene, further research is needed to
explain the annual variations for this compound.

5.3.2 Annual Variations for Carbonyls

Figure 5-3 shows average concentrations of carbonyls measured at Brattleboro during the
1995, 1996, and 1997 UATMPs. As noted earlier in this section, the average concentrations for

the 1995 program may be influenced by seasonal effects, since these averages are based on only 6

months of sampling. Like those of the VOC, annual average concentrations of carbonyls at

BRVT tended to either decrease or stay the same over the past 3 years. A discussion of the

annual variations for the most prevalent carbonyls follows:

Compounds with decreasing annual average concentrations. Of the 14 carbonyls
consdered in Figure 5-3, 10 exhibited similar annual variations. their annual
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average concentrations during the 1995 UATMP were higher than those during
the 1996 UATMP, which were higher till than those during the 1997 UATMP.
This trend was observed for acetaldehyde, butyr/isobutyraldehyde, hexanal dehyde,
isovaleraldehyde, propionaldehyde, the three tolualdehyde isomers, and
valeraldehyde. For al of these compounds, the annual average concentration
decreased by between 40 and 80 percent from the 1995 to the 1997 programs.
Though the downward trend for many of these compounds appears to be
statistically significant, the primary cause of the decreasing concentrations is not
known. As Sections 6 and 10 note, ambient air concentrations of many of the
same compounds a so decreased in three other citiesin Vermont (Burlington,
Rutland, and Winooski). Further monitoring is needed to determine whether the
similar annual variations across these cities are coincidental or part of aregional
data trend.

Compounds with unchanging levels or no apparent annual trends. For the
remaining four carbonyls shown in Figure 5-3 (acetone, acrolein, benzaldehyde,
and formaldehyde), annual average concentrations increased from the 1995 to the
1996 UATMP and then decreased from the 1996 UATMP to the 1997 UATMP.
With one exception, the annual variations observed for these compounds do not
appear to be statistically significant. For acetone, however, the annual average
concentrations during the 1996 and 1997 programs are at least twice as high as
that during the 1995 program, and these differences appear to be statistically
significant. Identifying the causes of these annua variations is difficult because
emissions data are not readily available for these carbonyls. Further, without
ambient air monitoring data for VOC from 1995, it is uncertain whether the annual
variations for carbonyls parallel those for selected VOC. (Similarities between
ambient air concentrations of different compounds help provide insight into what
factors affect annual variationsin air quality.) Results from additional monitoring
studies and detailed emissions inventories may provide better explanations for the
subtle air quality trends for these carbonyls.

Summary
The 1997 UATMP monitoring data collected at Brattleboro, Vermont, were in many ways

similar to the data collected during previous UATMPs at the same site. For example, about half
of the compounds identified by the sampling and analytical methods (i.e., 18 VOC and

12 carbonyls) were detected in over half of the ambient air samplestaken at BRVT. Of these

compounds, ambient air concentrations of acetaldehyde, acetone, acetylene, formaldehyde,

propylene, and toluene were consistently higher than those of other compounds. With the

possible exception of methylene chloride, the geometric mean concentrations of most pollutants at
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Brattleboro were neither notably higher nor lower than levels measured at the other monitoring
stations participating in the 1997 UATMP. Consistent with findings from the 1996 UATMP, the
relatively high levels of methylene chloride at BRVT appear to originate from nearby industrial

€MiSSioNs SoUrces.

The 1997 UATMP was the first year in which air samples were analyzed for
concentrations of nine nitriles and oxygenated compounds. Of these, only methyl ethyl ketone
and methyl tert-butyl ether were detected in more than half of the samples collected at BRVT.
The UATMP data from BRVT (and other stations) indicate that emissions from industrial sources
probably account for much of the methyl ethyl ketone found in the air. Concentrations of methyl
tert-butyl ether, on the other hand, seem to result primarily from emissions from motor vehicles
that use reformulated gasoline. While Vermont does not require that gasoline sold in the state
contain methyl tert-butyl ether, some gas stations in the state sell fuels containing the compound,

and all gasoline sold in nearby Massachusetts containsiit.

With one exception, the annual average concentrations of the most prevalent VOC did not
change significantly between the 1996 and the 1997 UATMPs. The average concentration of
acetylene, however, decreased by 40 percent over that time. The reason for the decreasing
concentrations of acetylene is not known. Annual average concentrations of carbonyls from the
1995 to the 1997 UATMP also tended to stay the same or decrease, but the average
concentration of acetone increased significantly during that period. The varying magnitudes and
directions (increasing or decreasing) of annual variations of different compounds suggests that
many different factors affect ambient air concentrations of the selected pollutants in the
Brattleboro air.
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Figure 5-1
Brattleboro, Vermont (BRVT), Monitoring Station
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Figure 5-2 (Page 1 of 5)
Annual Variations in Average Concentrations of the Most Prevalent VOC at BRVT
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the average concentration.
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concentrations.
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Figure 5-2 (Page 2 of 5)
Annual Variations in Average Concentrations of the Most Prevalent VOC at BRVT
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Figure 5-2 (Page 3 of 5)
Annual Variations in Average Concentrations of the Most Prevalent VOC at BRVT
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Figure 5-2 (Page 4 of 5)
Annual Variations in Average Concentrations of the Most Prevalent VOC at BRVT
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Figure 5-2 (Page 5 of 5)
Annual Variations in Average Concentrations of the Most Prevalent VOC at BRVT
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Figure 5-3 (Page 1 of 4)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls at BRVT
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Figure 5-3 (Page 2 of 4)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls at BRVT

BENZALDEHYDE
0.08
s
= 0.06
=
c
o >
8 & 0.04 ‘E
o o
O N—
<5}
? 0.02
g
< 0.00
1995 1996 1997
UATMP Program Year
BUTYR/ISOBUTYRALDEHYDE
0.32 =
s
5 0.24
=
c o~
8 3 016 ﬂ
O ~
® 4L
& 0.08
i
g
<
0.00
1995 1996 1997
UATMP Program Year
FORMALDEHYDE
4.00
c
-% 3.00 T
=
c o~
8 2 2.00
& & L ‘E
O ~
<5}
? 1.00
g
<
0.00
1995 1996 1997
UATMP Program Year

Note:  Every plot on this page is shown on adifferent scale; “error bars’ indicate the 95-percent confidence interval of
the average concentration.
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Figure 5-3 (Page 3 of 4)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls at BRVT
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Figure 5-3 (Page 4 of 4)
Annual Variations in Average Concentrations of the Most Prevalent Carbonyls at BRVT
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Table 5-1

Summary Statistics for VOC Concentrations Measured at Brattleboro, Vermont (BRVT)
(Based on 31 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetonitrile 31 0% ND ND 0.29 0.24 0.22 0.08 0.34
Acetylene 0 100% 0.54 3.09 141 1.52 1.38 0.66 0.43
Acrylonitrile 29 6% ND 0.28 0.11 0.09 0.08 0.05 0.50
Benzene 0 100% 0.22 0.97 0.55 0.52 0.49 0.19 0.36
Bromochloromethane 31 0% ND ND 0.05 0.04 0.04 0.01 0.29
Bromaodichloromethane 31 0% ND ND 0.03 0.03 0.03 0.00 0.00
Bromoform 31 0% ND ND 0.08 0.07 0.07 0.01 0.09
Bromomethane 29 6% ND 0.03 0.07 0.05 0.05 0.02 0.43
1,3-Butadiene 14 55% ND 0.22 0.05 0.08 0.06 0.06 0.73
Carbon tetrachloride 0 100% 0.05 0.12 0.08 0.08 0.08 0.02 0.19
Chlorobenzene 31 0% ND ND 0.04 0.03 0.03 0.01 0.21
Chloroethane 31 0% ND ND 0.03 0.03 0.03 0.00 0.00
Chloroform 26 16% ND 0.08 0.03 0.03 0.03 0.01 0.41
Chloromethane 1 97% ND 0.82 0.56 0.49 0.42 0.19 0.39
Chloroprene 31 0% ND ND 0.05 0.04 0.04 0.02 0.38
Dibromochloromethane 31 0% ND ND 0.08 0.06 0.05 0.02 0.40
m-Dichlorobenzene 31 0% ND ND 0.08 0.07 0.07 0.01 0.20
0-Dichlorobenzene 31 0% ND ND 0.08 0.07 0.07 0.01 0.18

ND = Nondetect
Note:

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).

Data for compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted




Table 5-1 (Continued)
Summary Statistics for VOC Concentrations Measured at Brattleboro, Vermont (BRVT)
(Based on 31 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations Measured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
p-Dichlorobenzene 31 0% ND ND 0.07 0.06 0.06 0.01 0.19
1,1-Dichloroethane 31 0% ND ND 0.05 0.04 0.04 0.02 0.38
1,2-Dichloroethane 31 0% ND ND 0.03 0.03 0.03 0.00 0.14
trans-1,2-Dichloroethylene 31 0% ND ND 0.06 0.05 0.05 0.02 0.31
1,2-Dichloropropane 31 0% ND ND 0.02 0.03 0.02 0.01 0.42
cis-1,3-Dichloropropylene 31 0% ND ND 0.03 0.03 0.03 0.01 0.26
o trans-1,3-Dichloropropylene 31 0% ND ND 0.06 0.04 0.04 0.02 0.40
N || Ethyl acrylate 31 0% ND ND 0.05 0.04 0.04 0.01 0.32
Ethylbenzene 1 97% ND 0.28 0.17 0.17 0.16 0.06 0.35
Ethyl tert-butyl ether 31 0% ND ND 0.04 0.03 0.03 0.00 0.14
Methylene chloride 5 84% ND 0.99 0.27 0.41 0.25 0.34 0.82
Methyl ethyl ketone 3 90% ND 1.05 0.42 0.46 0.40 0.23 0.50
Methyl isobutyl ketone 31 0% ND ND 0.04 0.04 0.04 0.00 0.00
Methyl methacrylate 31 0% ND ND 0.04 0.03 0.03 0.00 0.07
Methyl tert-butyl ether 2 94% ND 0.79 0.22 0.30 0.23 0.21 0.68
n-Octane 5 84% ND 0.20 0.09 0.09 0.08 0.04 0.43
Propylene 0 100% 0.45 1.74 0.70 0.79 0.75 0.28 0.36
Styrene 11 65% ND 0.18 0.05 0.05 0.05 0.03 0.49
ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).



Table 5-1 (Continued)
Summary Statistics for VOC Concentrations Measured at Brattleboro, Vermont (BRVT)
(Based on 31 Days with Valid Samples)

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
. . Concentrations Measured Concentrations Concentrations
Ambient Air
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of (ppbv) (ppbv) (ppbv) Mean Mean Deviation Variation
detects | Detections | ‘PP P P (ppbv) (ppbv) (ppbv)
e
tert-Amyl methyl ether 31 0% ND ND 0.04 0.03 0.03 0.00 0.07
1,1,2,2-Tetrachloroethane 31 0% ND ND 0.09 0.07 0.06 0.03 0.38
Tetrachloroethylene 14 55% ND 0.24 0.05 0.07 0.06 0.05 0.69
Toluene 0 100% 0.37 2.60 1.02 1.04 0.95 0.46 0.45
1,1,1-Trichloroethane 0 100% 0.04 0.19 0.09 0.10 0.09 0.04 0.39
1,1,2-Trichloroethane 31 0% ND ND 0.06 0.04 0.04 0.02 0.40
o Trichloroethylene 29 6% ND 0.26 0.02 0.03 0.02 0.04 143
'Y || Vinyl chloride 31 0% ND ND 0.03 0.03 0.03 0.00 0.07
m,p-Xylene 0 100% 0.23 0.89 0.47 0.47 0.44 0.17 0.37
0-Xylene 0 100% 0.12 0.41 0.22 0.24 0.22 0.08 0.34
ND = Nondetect

Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted
with caution, since their summary statistics may be biased by nondetects (see Section 3.1).



Table 5-2
Summary Statistics for Carbonyl Concentrations Measured at Brattleboro, Vermont (BRVT)

(Based on 29 Days with Valid Samples)

with caution, since their summary statistics may be biased by nondetects (see Section 3.1).

Prevalence (.)f Range of Measured Central Tendency of Variability in Measured
Compound in ) . .
Ambient Air Concentrations M easured Concentrations Concentrations
Compound _ . .
Number | Frequency L owest Highest Median Arithmetic | Geometric Standgrd Coefficient of
of Non- of Mean Mean Deviation -
detects | Detections (PpbV) (PpbV) (PpbV) (ppbv) (ppbv) (ppbv) Variation
Acetaldehyde 0 100% 0.38 1.60 0.82 0.86 0.82 0.29 0.33
Acetone 0 100% 0.14 3.12 1.13 1.36 1.18 0.67 0.49
Acrolein 0 100% 0.00 0.14 0.03 0.03 0.03 0.03 0.79
Benzaldehyde 3 90% ND 0.07 0.04 0.04 0.03 0.02 0.49
g,] Butyr/Isobutyraldehyde 0 100% 0.05 0.24 0.12 0.12 0.12 0.04 0.35
Crotonaldehyde 20 31% ND 0.10 0.00 0.01 0.00 0.02 1.90
2,5-Dimethylbenzaldehyde 23 21% ND 0.01 0.00 0.00 0.00 0.00 0.45
Formaldehyde 0 100% 1.03 4.14 1.72 1.93 1.81 0.74 0.38
Hexanaldehyde 0 100% 0.02 0.15 0.05 0.06 0.05 0.03 0.57
Isovaleraldehyde 7 76% ND 0.05 0.01 0.01 0.01 0.01 0.86
Propionaldehyde 0 100% 0.04 0.22 0.11 0.11 0.10 0.04 0.41
Tolualdehydes 1 97% ND 0.10 0.03 0.04 0.03 0.02 0.53
Valeraldehyde 0 100% 0.01 0.06 0.03 0.03 0.03 0.01 0.48
ND = Nondetect
Note:  Datafor compounds detected in more than 50 percent of the samples are presented in boldface. Datafor the other compounds should be interpreted




6.0 Monitoring Results for Burlington, VT (BUVT), Underhill, VT (UNVT), and
Winooski, VT (WIVT)

This section summarizes and interprets ambient air monitoring data collected over the last
3 yearsin the cities of Burlington, Underhill, and Winooski, Vermont. Because the air monitoring
stations in these cities are located within 20 miles of each other, air quality at the three locations
may be influenced, to a certain extent, by the same factors. For this reason, results from the three

stations are presented in this one section, instead of in three separate sections.

Figures 6-1, 6-2, and 6-3 indicate the land use in the immediate vicinity of the Burlington,
Underhill, and Winooski monitoring stations, respectively. The BUVT monitoring station is
located near several heavily traveled roadways and two gas stations in the downtown area of
Burlington, which is Vermont’s largest city. Located roughly 3 miles northeast of the BUVT
monitoring station, the WIVT monitors are on the grounds of a high school in a suburb, across
the Winooski River from Burlington. The UNVT monitoring station islocated in aremote field
surrounded by forest, about 15 to 20 miles east of Burlington. Approximately 100,000 people
live within 10 miles of the BUVT and WIVT monitoring stations, but the population density in the
vicinity of the UNVT is notably lower (i.e., fewer than 20,000 people reside within 10 miles of the
monitors). In short, the monitors in Burlington, Winooski, and Underhill can be loosely classified

as being in urban, suburban, and rural areas, respectively.

Table 6-1 presents completeness data for the BUVT, UNVT, and WIVT monitors,
indicating that only one sampling event (a carbonyl sample at the Burlington station) was
unsuccessful during the 1997 program. Thus, the completeness of VOC and carbonyl sampling
was at least 97 percent at al three stations. Also shown in Table 6-1 is the fact that the Winooski
monitoring station collected air samples only from September to December during the 1997
program. Because this station sampled air for only 4 months, the 1997 UATMP monitoring data
for WIVT better represent air quality for the fall season than air quality for the entire year—an

important distinction reiterated throughout this section.



The remainder of this section summarizes the 1997 UATMP monitoring datafor BUVT,
UNVT, and WIVT (Section 6.1), analyzesin detail ambient air concentrations of selected nitriles
and oxygenated compounds at these three stations (Section 6.2), and illustrates how ambient air
concentrations of certain compounds have changed in the Burlington area since the 1995 UATMP
(Section 6.3). For quick reference, the section concludes with a brief summary that highlights the
most notable air quality trends observed for this area (Section 6.4).

6.1 Data Summary Parameters for the 1997 UATMP

Tables 6-2 through 6-4 and 6-6 through 6-8 use the data summary parameters defined in
Section 3.1 to provide an extensive, yet succinct, account of the ambient air monitoring data
collected at the Burlington, Underhill, and Winooski monitoring stations. The format used in
these tables is the same as that used in earlier reports, thus facilitating comparisons of selected

summary statistics from one year to the next.

6.1.1 Data Summary of VOC
Tables 6-2, 6-3, and 6-4 reveal the following notable trends regarding ambient air
concentrations of VOC at BUVT, UNVT, and WIVT, respectively:

. Prevalence. According to the data summary tables, only the following 13
compounds were detected in more than half of the ambient air samples collected at
the monitoring stations in Burlington, Underhill, and Winooski:

Acetylene Ethylbenzene Toluene

Benzene Methylene chloride 1,1,1-Trichloroethane
Carbon tetrachloride Methyl ethyl ketone m,p-Xylene
Chloromethane Propylene 0-Xylene

In addition, some compounds were detected in more than half of the samples at
one or two of the monitoring stations, but not at all three. For example, n-octane
was detected in more than half of the samples at Burlington and Winooski, but not
at Underhill. Similarly, 1,3-butadiene, methyl tert-butyl ether, and styrene were
detected in more than half of the samples at Burlington, but in half or fewer of the
samples at Underhill and Winooski. Finaly, tetrachloroethylene was notably more
prevalent at Winooski (70 percent) than at Burlington (39 percent) and Underhill
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(3 percent). As noted previously, most of the analysesin this report focus on the
compounds with highest prevalence, because their summary statistics are least
affected by nondetect observations, which are replaced in the UATMP database
with an estimated concentration of one-half the detection limit. Except for methyl
tert-butyl ether, there were no compounds that had notably higher prevalence at
the BUVT, UNVT, and WIVT monitoring stations than at the other UATMP
monitoring stations. Section 6.2 discusses air quality trends for this compound in
greater detail.

Despite the emphasis this section places on the most prevalent compounds, it
should not be inferred that the other compounds are not present in ambient air in
the Burlington metropolitan area. Rather, the least prevalent compounds may be
present in the air, but consistently at levels that the VOC anaytical method cannot
measure. Therefore, statistically meaningful air quality trends cannot be calculated
for these compounds, due to their large number of nondetects. Nonetheless,
Section 6.2 presents a brief analyses of air quality trends for acetonitrile and
acrylonitrile—both of which were detected in fewer than half of the samples, but
were more prevaent at the remote Underhill site than at the more heavily
populated Burlington and Winooski sites.

Concentration range. Asthe summary tables show, eight compounds
(acetonitrile, acetylene, benzene, propylene, toluene, m,p-xylene, and o-xylene)
had at |east one 24-hour average concentration higher than 1.0 ppbv at Burlington;
two compounds (acetonitrile and acetylene) had at least one concentration higher
than thislevel at Underhill; and three compounds (acetylene, methylene chloride,
and toluene) had at least one concentration higher than thislevel at Winooski.
This observation indicates that ambient air concentrations of many VOC,
particularly those found in motor vehicle exhaust, reach higher levelsin Burlington
than they do in either Winooski or Underhill. As an exception, concentrations of
methylene chloride reached higher levels at Winooski. The following bullet item
discusses the spatia variations in concentrations of methylene chloride in greater
detail. Section 6.2 offersinsight into why peak levels of acetonitrile were observed
at the remote Underhill site.

When interpreting data on highest concentrations, it isimportant to note that the
UATMP monitors did not collect sasmples daily. Thus, the concentration rangesin
the summary tables do not represent the actual span of ambient air concentrations
in the Burlington area; ambient air concentrations probably rose to higher levels on
days when samples were not collected. This observation is particularly true for the
Winooski data, because samples were only collected there for 4 months.

Central tendency. Table 6-5 lists the geometric mean concentrations of the 13
most prevalent compounds detected at the BUVT, UNVT, and WIVT monitoring
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stations. The spatia variations in geometric mean concentrations can be classified
into three different categories. compounds with no notable spatial variations,
compounds with highest levels at Burlington, and compounds with highest levels at
Winooski. The following discussion characterizes each category in detail.

Of the 13 most prevalent compounds, three—carbon tetrachloride, chloromethane,
and 1,1,1-trichloroethane—have geometric mean concentrations that are not
notably different at the BUVT, UNVT, and WIVT monitoring stations. The final
report for the 1996 UATMP also noted an absence of significant spatial variations
for these halogenated hydrocarbons. The previous report hypothesized that
historical releases from sources across the country probably account for the levels
of carbon tetrachloride detected and natural emissions sources may contribute
most to levels of chloromethane. Though factors affecting levels of
1,1,1-trichloroethane were not identified in the previous UATMP reports, Section
6.3.1 of this report provides evidence that industrial emissions sources in the
Burlington area, especially those near the WIVT monitoring station, may best
explain why the compound isfound in theair at BUVT, UNVT, and WIVT.

As Table 6-5 shows, acetylene, benzene, ethylbenzene, methyl ethyl ketone,
propylene, toluene, m,p-xylene, and o-xylene al exhibit similar spatia variations:
geometric mean concentrations are highest at Burlington, second highest at
Winooski (except for methyl ethyl ketone), and lowest at Underhill. Section 6.2
describes the unique spatial variations for methyl ethyl ketone in greater detail. All
other compounds that had higher concentrations at BUVT than at UNVT and
WIVT are hydrocarbons that are typically found in motor vehicle exhaust. The
measured levels of these hydrocarbons undoubtedly originate, to a certain extent,
from motor vehicles traveling in the immediate vicinity of the monitoring stations.
However, there is evidence that hydrocarbons detected at the UNVT and WIVT
monitoring stations may have transported from other areas, most likely Burlington.

To assess the age of air masses (an indicator of long-range transport), Figure 6-4
indicates how concentration ratios of toluene to ethylbenzene and total xylenesto
benzene vary among the monitoring stations in the Burlington area. These
concentration ratios gradually change as air masses move, primarily because
toluene is much more reactive in photochemica smog than ethylbenzene and
xylenes are much more reactive than benzene (USEPA, 1996). Asaresult, the
toluene:ethylbenzene and xylenes:benzene ratios typically decrease as an air mass
travels from emissions sources to downwind locations. The graphs in Figure 6-4
clearly illustrate that the two concentration ratios are highest in Burlington, second
highest in Winooski, and lowest in Underhill. Given what is known about the
reactivity of these aromatic compounds, the different concentration ratios suggest
that airborne hydrocarbons in Underhill and, to alesser extent, in Winooski may



originate from distant sources, most likely motor vehiclesin the Burlington area
A detailed emissions inventory of al pollution sources in this area can confirm this
trend.

Of the most prevalent compounds identified by the VOC analytical method, only
methylene chloride had a geometric mean concentration that was notably higher at
the Winooski monitoring station (0.19 ppbv) than at the Burlington (0.10 ppbv)
and Underhill (0.06 ppbv) monitoring stations. Because this trend differs from that
for compounds emitted by motor vehicles, the relatively higher concentrations of
methylene chloride in Winooski most likely originate from nearby industria
sources. According to the TRI, no facilities in the Burlington metropolitan area
reported releases of methylene chloride in reporting years 1989 through 1995;
however, one facility in Essex Junction, a small town outside of Winooski,
reported releases of this compound for reporting years 1987 and 1988. Itis
unknown whether this facility no longer uses methylene chloride or continues to
use the compound, but presumably at levels below the reporting threshold.
Emissions from industrial facilities not subject to the TRI reporting requirements
also may explain the relatively high concentrations of methylene chloride observed
at the WIVT monitoring station during the 1997 UATMP.

To show how ambient air concentrations of VOC in the Burlington area compare
to those at other UATMP monitoring stations, Figure 3-1 presents geometric mean
concentrations of VOC that were most prevalent during the 1997 program. The
figure indicates three important air quality trends for the monitors in the Burlington
area. Firgt, for nine hydrocarbons typically found in motor vehicle exhaust
(acetylene, benzene, 1,3-butadiene, ethylbenzene, propylene, toluene, and the
xylene isomers), geometric mean concentrations at BUV T ranked second highest
among the UATMP monitoring stations. Second, for this same group of
hydrocarbons, levels at UNVT ranked last or second to last among the stations.
Third, Figure 3-1 suggests that concentrations of tetrachloroethylene were highest
at the remote Underhill site, but this finding is actually an artifact of the data
processing algorithms. More specificaly, tetrachloroethylene was measured at
concentrations lower than one-half the detection limit several times at every
monitoring station except at Underhill, where it was detected only once. Because
nondetect observations were replaced with concentrations of one-half the detection
limit and measured concentrations below this level are considered valid results (see
Section 3.1), the calculated geometric mean concentration for tetrachl oroethylene
at Underhill is higher than that for other stations, even though the compound was
detected more often at the other monitoring stations. |f nondetects are omitted
from the data analysis, geometric mean concentrations at UNVT would be the
lowest of the UATMP monitoring stations.



Note: When interpreting the graphsin Figure 3-1, it isimportant to understand
that the 1997 UATMP characterized air quality in avery small subset of
urban areas in the United States and only at discrete locations within these
areas. Even though ambient air concentrations of many compounds were
second highest at Burlington and lowest at Underhill, it islikely that
average concentrations of these same compounds are higher (and lower) in
many urban areas that did not participate in the 1997 program. Itisaso
likely that concentrations of some pollutants in many parts of Burlington
are not as high as those that were measured in the busy downtown area.

. Variability. With one exception, coefficients of variation for the most prevalent
VOC at the three monitoring stations in the Burlington area were less than 1.0.
The similarity in these coefficients of variation suggests that ambient air
concentrations of these VOC have comparable variability. Asthe exception, the
coefficients of variation for methylene chloride were 1.00 at BUVT, 1.25 at
UNVT, and 1.63 at WIVT. Therelatively higher variability for this compound
suggests that the concentration changes significantly from one day to the next.
This observation is consistent with the assumption that methylene chloride
originated predominantly from sources found at discrete locations (e.g., industrial
emissions sources), because the monitors would probably detect the compound
only when emissions from these specific locations blew toward the stations. This
finding supports the hypothesis, stated earlier, that an industrial emissions source
(or sources) most likely explains the spatia variations observed for methylene
chloride.

For more information on trends and patterns among VOC monitoring data in the
Burlington area, Section 6.2 describesin detail the monitoring data for nitriles and oxygenated

compounds and Section 6.3 comments on annual variations.

6.1.2 Data Summary of Carbonyls
Tables 6-6, 6-7, and 6-8 reveal the following notable trends regarding ambient air
concentrations of carbonylsat BUVT, UNVT, and WIVT, respectively:

. Prevalence. The prevalence datain Tables 6-6 through 6-8 indicate that all but
three of the carbonyl compounds (crotonaldehyde, 2,5-dimethylbenzal dehyde, and
isovaleraldehyde) were detected in at least half of the samples collected at the
BUVT, UNVT, and WIVT monitoring stations. Thus, summary statistics for most
of the carbonyls are not influenced by large numbers of nondetect observations and



therefore are expected to represent actual air quality trends in the Burlington area.

Concentration range. According to the data summary tables, acetaldehyde,
acetone, and formaldehyde were the only carbonyls that were measured at all three
monitoring stations at levels higher than 1.0 ppbv. One concentration of

hexanal dehyde also exceeded this threshold at UNVT, but not at the other two
monitoring stations in the Burlington area. Though the highest concentrations of
carbonyls at these monitoring stations were generally of the same order of
magnitude, the highest concentrations of formaldehyde at UNV T were significantly
higher than those at BUVT and WIVT. On three occasions, concentrations of
formaldehyde at the remote Underhill site exceeded 20 ppbv—a level more than
three times higher than the highest concentration observed at both BUVT and
WIVT. Thereasons for the notably higher concentrations of formaldehyde at
Underhill are not known. As noted earlier, the concentration ranges shown in
Tables 6-6 to 6-8 only estimate the actual ranges, because concentrations may
have reached higher levels and lower levels on days when samples were not
collected.

Central tendency. At al three stations, geometric mean concentrations of
acetaldehyde, acetone, and formaldehyde combined accounted for over 90 percent
of the concentration of total carbonyls measured during the 1997 UATMP. To
highlight spatial variations in concentrations of carbonyls, Table 6-9 lists the
geometric mean concentrations of the 13 most prevalent compounds detected at
the BUVT, UNVT, and WIVT monitoring stations. The most striking trend in this
table is the smilarity of geometric mean concentrations across all three stations, as
opposed to the notable differences highlighted in Table 6-5 for VOC. For
instance, geometric mean concentrations of the VOC typically found in motor
vehicle exhaust were at least five times higher at BUVT than at UNVT. Except
for benzaldehyde, geometric mean concentrations of the most prevalent carbonyls
at BUVT were no more than twice as high asthose at UNVT. Thisdistinctly
different spatial variation strongly suggests that the factors affecting ambient levels
of carbonylsin the Burlington area differ from those affecting concentrations of
VOC. Further research is needed to determine the extent to which different
factors (such as emissions from residential wood combustion, emissions from
natural sources, emissions from motor vehicles, and photochemical reactions)
explain the notably weaker spatial variations for carbonyls.

As Figure 3-2 shows, geometric mean concentrations of the most prevalent
carbonyls at BUVT were not unusually higher or lower than those at any other
UATMP monitoring station. Concentrations at UNVT and WIVT, on the other
hand, were generally among the lowest observed at the UATMP monitors.



Section 12.1 comments further on what these spatial variations indicate about the
sources of carbonylsin urban ambient air.

. Variability. According to Tables 6-6 through 6-8, coefficients of variation for the
most prevalent carbonyls at Burlington and Winooski were all lessthan 1.0. The
similar and relatively low coefficients of variation suggest that these carbonyls are
consistently found in ambient air and their concentrations do not change
dramatically from one sample to the next, regardless of changing wind directions
and seasons. According to Table 6-9, however, coefficients of variation for about
half of the most prevalent carbonyls at Underhill were greater than 1.0—atrend
that is also indicated in data summary tablesin the 1996 UATMP final report. The
greater variability observed at this site may result from many different factors, such
as specific meteorological conditions that favor transport of pollutants to Underhill
on certain days and emissions from nearby sources that reach the UNVT monitors
only when winds blow in certain directions. Detailed analyses of meteorological
conditions are needed to understand why ambient air concentrations of carbonyls
are more variable at the remote Underhill